A study comparing table-based and list-based smartphone interface usability by Finley, Patrick M.
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2013
A study comparing table-based and list-based
smartphone interface usability
Patrick M. Finley
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Cognitive Psychology Commons, Communication Technology and New Media
Commons, and the Graphic Design Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Finley, Patrick M., "A study comparing table-based and list-based smartphone interface usability" (2013). Graduate Theses and
Dissertations. 13295.
https://lib.dr.iastate.edu/etd/13295
  
 
A study comparing table-based and list-based smartphone interface usability 
 
by 
 
Patrick Finley 
 
 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF FINE ARTS 
 
 
Major:  Graphic Design 
 
Program of Study Committee: 
Sunghyun R. Kang, Major Professor 
Paul Bruski 
Seda Yilmaz 
 
 
 
 
 
 
Iowa State University 
Ames, Iowa 
2013 
Copyright © Patrick Finley, 2013.  All rights reserved.
  
 
ii 
 
 TABLE OF CONTENTS 
LIST OF FIGURES ........................................................................................... v 
LIST OF TABLES ........................................................................................... vi 
ACKNOWLEDGEMENTS .............................................................................. vii 
ABSTRACT ................................................................................................... viii 
Chapter 1. INTRODUCTION .......................................................................... 1 
1.1. Introduction .................................................................................................. 1 
1.2. Purpose of Research ................................................................................... 1 
1.3. Definitions of Key Terminology ................................................................. 2 
Chapter 2. REVIEW OF LITERATURE .......................................................... 4 
2.1. Introduction .................................................................................................. 4 
2.2. Mobile Phones to Smartphones ................................................................. 4 
2.2.1 Mobile Phones ......................................................................................... 6 
2.2.2 PDAs & PCDs .......................................................................................... 6 
2.2.3 Smartphones ............................................................................................ 7 
2.2.4 Growth of Smartphones ........................................................................... 8 
2.3. Internet ....................................................................................................... 11 
2.3.1 Growth of the Internet ............................................................................ 12 
2.3.2 HTML ..................................................................................................... 12 
2.4. Software Applications ............................................................................... 15 
2.4.1 Native Applications ................................................................................ 15 
2.4.2 Web Applications ................................................................................... 16 
2.4.3 Difference Between Native and Web Applications ................................. 18 
2.5. Existing Mobile User Interface Design .................................................... 19 
2.5.1 Mobile-Targeted Design ......................................................................... 20 
2.5.2 Platform Environment ............................................................................. 21 
  
 
iii 
2.5.3 One-Handed Operation .......................................................................... 22 
2.5.4 Mobile Layouts ....................................................................................... 22 
2.5.4.1 List-based Layout ......................................................................................... 23 
2.5.4.2 Table-based Layout ..................................................................................... 24 
2.5.5 Information Processing of Mobile Layouts ............................................. 24 
2.5.6 Alphabetic Ordering/Organizing Information .......................................... 25 
2.6. Summary .................................................................................................... 26 
Chapter 3. ANALYSIS OF MOBILE WEBSITES & METHODOLOGY ....... 27 
3.1. Overview ..................................................................................................... 27 
3.1.1 Purpose .................................................................................................. 27 
3.2. Analysis of Current Mobile Websites ...................................................... 28 
3.2.1 Mobile Website Study ............................................................................ 28 
3.2.2 Analysis of Current Mobile Websites ..................................................... 31 
3.3. Prototype Development ............................................................................ 33 
3.3.1 Navigation Study .................................................................................... 33 
3.3.2 Site Map ................................................................................................. 34 
3.3.3 From Desktop to Mobile ......................................................................... 37 
3.3.4 Prototype Platform Breakdown .............................................................. 38 
3.3.5 Final Prototypes ..................................................................................... 40 
Chapter 4. USABILITY TESTING & MEASURES ....................................... 42 
4.1. Usability Testing Set-Up ........................................................................... 42 
4.1.1 Subjects ................................................................................................. 42 
4.1.2 Entrance Survey ..................................................................................... 43 
4.1.3 Usability Lab .......................................................................................... 43 
4.1.4 Technology ............................................................................................. 45 
4.1.5 Think Aloud Protocol .............................................................................. 45 
4.1.6 Task Scenario ........................................................................................ 46 
4.1.7 Exit Survey ............................................................................................. 47 
4.1.8 Informed Consent & Confidentiality ........................................................ 48 
  
 
iv 
4.2. Usability Evaluation Measures ................................................................. 48 
4.2.1 Click-Path Analysis ................................................................................ 48 
4.2.2 Errors-Per-Task ..................................................................................... 49 
4.2.3 Time-Per-Task ....................................................................................... 51 
4.3. Data Analysis ............................................................................................. 51 
4.3.1 Statistic Variables .................................................................................. 51 
Chapter 5. Results and findings ................................................................ 53 
5.1. Introduction ................................................................................................ 53 
5.2. Entrance Survey Analysis ........................................................................ 53 
5.2.1 Demographic Background Analysis ....................................................... 54 
5.2.2 Device Comfort Level Analysis .............................................................. 56 
5.2.3 Internet Usage ....................................................................................... 57 
5.3. Exit Questionnaire Analysis ..................................................................... 59 
5.4. Usability Test Analysis ............................................................................. 62 
5.4.1 Time-Per-Task Analysis ......................................................................... 62 
5.4.2 Time-Per-Task By Gender ..................................................................... 63 
5.4.3 Time-Per-Task By Done First ................................................................. 66 
5.4.4 Time-Per-Task By Preference ................................................................ 66 
5.4.5 Extra Clicks-Per-Task Analysis .............................................................. 68 
5.4.6 Errors-Per-Task Analysis ....................................................................... 69 
5.4.7 Summary ................................................................................................ 70 
Chapter 6. CONCLUSION ........................................................................... 71 
6.1. Suggestions for Future Research ............................................................ 73 
APPENDIX A.  TEST MATERIALS ............................................................... 74 
APPENDIX B.  STATISTICAL RESULT ........................................................ 86 
BIBLIOGRAPHY ............................................................................................ 99 
 
  
 
v 
LIST OF FIGURES 
Figure 2.1. Timeline of Mobile Phones based from based from Designing the Mobile 
          Experience, Barbara Ballard, 2007. 5 
Figure 2.2 Mobile Phone Market Share Trend By Platform, comScore, December 2010 
          December 2012 9 
Figure 2.3 Desktop (left) and Mobile (right) Platform & Dimensions based on Apple 
          Developer Kit, 2012. 21 
Figure 2.4 Table-based (left) and List-based (right) Layouts 23 
Figure 3.1 Web app (left) & Website not Formatted for Mobile Device (right) 30 
Figure 3.2 Site Map 36 
Figure 3.3 Breakdown of desktop website, Iowa State University  
          “Home” page, Iowa State University, www.iastate.edu, March 5, 2013 39 
Figure 3.4 Breakdown of mobile website, table-based Prototype “Index” page 39 
Figure 3.5 Breakdown of mobile website, table-based prototype “Athletics” page 40 
Figure 3.6 Final Prototype Interfaces (Table-based layout & List-based layout) 41 
Figure 4.1 Test environment (camera view) 44 
Figure 4.2 Testing environment (top view) 45 
Figure 5.1 Age Demographic of Participants (n=20) 55 
Figure 5.2 Smartphone Brand Demographic of Smartphone Ownership (n=20) 56 
Figure 5.3 Participant’s Comfort with Technologies (n=20) 58 
Figure 5.4 Time-Per-Task of All Participants (n=20) 63 
Figure 5.5 Time-Per-Task by Gender for Table Interface (n=20) 65 
Figure 5.6 Time-Per-Task by Gender for List Interface (n=20) 65 
Figure 5.7 Extra Clicks (n=20) 68 
Figure 5.8 Errors-Per-Task (n=20) 69 
Figure 6.1 IRB Approval Letter 75 
Figure 6.2 Recruitment Flyer 76 
Figure 6.3 Word of Mouth 77 
Figure 6.4 Follow Up E-mail 78 
Figure 6.5 Entrance Survey 79 
Figure 6.6 Informed Consent Document 80 
Figure 6.7 Informed Consent Document (pg.2) 81 
Figure 6.8 Informed Consent Document (pg.3) 82 
Figure 6.9 Exit Survey 83 
Figure 6.10 Task List for Phase 1 84 
Figure 6.11 Task List for Phase 2 85 
Figure 6.12 Task List for Phase 2 90 
 
  
 
vi 
LIST OF TABLES 
Table 2.1. Specification differences between the features of Mobile Phones, PCD/PDAs,  
         and Smartphone devices based from Designing the Mobile Experience, Barbara 
         Ballard, 2007. 5 
Table 2.2 Adaption of Pew Research Center’s Internet & American Life Project, Summer 
         Tracking Survey, Pew Internet, August 7-September 6, 2012 11 
Table 2.3 Adaption of Pew Research Center’s Internet & American Life Project, 
         Demographics of Internet Users: 5 of American Adults within each group who 
         use the Internet, Pew Internet, August 7-September 6, 2012 12 
Table 2.5 A list of differences Between Native and Web Applications, Mobile Phone  
         Market Share Trend By Platform, comScore, December 2010-December 2012 19 
Table 2.6Carry Principle, Designing the Mobile Experience, Barbara Ballard, 2007 20 
Table 2.7 List and Table-Based Layouts, Designing the Mobile Experience, Barbara 
         Ballard, 2007 26 
Table 3.1 Descriptions of identifications based on Barbara Ballard’s Carry  
         Principle, 2007 30 
Table 3.2 Mobile Website Analysis 32 
Table 3.3 List of Links and Reoccurrence based on Mobile Website Survey 35 
Table 3.4 Apple iOS Interface Design Guidelines & Prototype Interface Design 38 
Table 4.1 Adaption of Observational Methods, Observation methodologies for usability 
          tests of handheld devices, Michael Catani, 2003 44 
Table 4.2 Errors and their Definitions 50 
Table 4.3 Severity of errors and their definitions 50 
Table 5.1 Demographic analysis of participant’s background (n=20) 54 
Table 5.2 Participant’s Comfort with Technologies (n=20) 58 
Table 5.3 Participant’s Frequency of using the Internet (n=20) 59 
Table 5.4 Exit Survey Results for Table Interface (n=20) 60 
Table 5.5 Exit Survey Results for List Interface (n=20) 61 
Table 5.6 Time-Per-Task of All Participants (n=20) 63 
Table 5.7 Time-Per-Task by Gender for Table Interface (n=20) 64 
Table 5.8 Time-Per-Task by Gender for List Interface (n=20) 64 
Table 5.9 Time-Per-Task By Done First (n=20) 66 
Table 5.10 Time-Per-Task By Participants Preferring Table Interface (n=14) 67 
Table 5.11 Time-Per-Task By Participants Preferring List Interface (n=6) 67 
Table 5.12 Extra Clicks-Per-Path (n=20) 68 
Table 5.13 Errors-Per-Task (n=20) 69 
Table 6.1 Time-Per-Task (n=20) 87 
Table 6.2 Extra Clicks-Per-Task (n=20) 88 
Table 6.3 Errors-Per-Task (n=20) 89 
 
 
  
 
vii 
ACKNOWLEDGEMENTS 
I would first like to extend my sincere appreciation to the members of my committee for 
their guidance, feedback, and patience throughout this process.   
First, I would like to thank my major professor Sung Kang, for her brilliant guidance, 
valuable encouragement, and confidence in me throughout my graduate study of my Master of 
Fine Arts degree, and my M.F.A. thesis research. Professor Sung Kang’s unique vision and 
expertise has significantly benefitted me, and has set the path towards future career development.  
Second, I would also like to express my gratitude to my other two M.F.A. thesis 
committee members, Professor Paul Bruski and Professor Seda Yilmaz, for their outstanding 
enthusiasm, advice, and review of this thesis. Their unique insights have encouraged me to keep 
asking “what if?”  
Third, I would also like to extend a special thanks to my friends and family for their 
constant support throughout my professional development, especially to Monica Schmitt for her 
constant support and reinforcing encouragement throughout this thesis process. From the start, 
she was always there to lift any burden off my shoulders and kept pushing me to finish. 
Lastly, I would like to express my deepest gratitude to my parents, for if it wasn’t for 
them I wouldn’t be where I am today. They have provided me with opportunities to continuously 
grow into the person I am today. And to my mom, Sandy Finley, as she has been my life long 
cheerleader, dear friend, and role model throughout my entire life. She has modeled me into the 
person I am today and am forever grateful.  
  
 
viii 
ABSTRACT 
Never before has society seen a technology or medium advance as quickly as the 
smartphone. With advancements of smartphone technology, many daily tasks can be 
accomplished easier and faster with smartphone devices, which require more and more people 
from numerous backgrounds to use a variety of interface layouts. This study hopes to contribute 
in building a framework for conducting usability studies to assist in creating a foundation for 
smartphone interface development by evaluating the effectiveness of two commonly used mobile 
website interfaces. Since smartphone usability studies are relatively new, there is no smartphone 
software to record or track this kind of information. Three usability methods reviewed in this 
study were demographics, usability study through video recordings, and evaluation through exit 
survey. In regards to usability, the table interface is more effective than the list interface. User 
testing of the two navigation prototypes, as well as user comparison of one prototype to the 
other, gave feedback that will contribute to improve the mobile website navigation experiences 
for users. 
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Every once in awhile a revolutionary product comes along 
that changes everything. 
 
 
     -Steve Jobs
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CHAPTER 1. INTRODUCTION 
1.1. INTRODUCTION 
Internet and smartphones have revolutionized the way people communicate, share, and 
receive information. The efficiency in how we access information today is largely in part to the 
growing trend of websites becoming mobilized. The mode of how we as digital users access the 
Internet has drastically changed since Steve Jobs introduced the iPhone at Macworld in 2007.  
Prior to the iPhone’s introduction, accessing the Internet had been somewhat stationary. 
Users could access the Internet away from their desktop computers through the use of laptops 
and PDA’s (Personal Digital Assistant); however, they were still limited by the range of Wi-Fi. 
The iPhone was the first to have a fully usable HTML browser on a phone, unlike other 
smartphones at the time that offered a WAP browser. Using the iPhone as a mobile device to 
access the Internet has provided a new platform of website navigation. 
The transition of users from a desktop platform to a mobile platform has created a 
challenge for designers and developers that was once nonexistent. Existing research about 
mobile website navigation is very limited. This thesis will explore the foundation and best 
practices needed for designers and developers to apply their skills successfully to smartphone 
interface.   
1.2. PURPOSE OF RESEARCH 
Based on the literature, it is suggested that designers and developers need to reconsider 
the purpose of an application for designing on smartphone and mobile devices. The desktop 
platform and mobile platform have unique specifications and are used differently; therefore, the 
fundamentals of a website need to be thoroughly evaluated before being applied to a mobile 
interface. By observing participants using a prototype that features two opposing interfaces, it is 
anticipated to conclude that one interface is more effective and efficient than the other. This 
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study will discover the effectiveness and ineffectiveness of mobile website interface that will 
expectantly ease the challenges designers and developers face in mobile-targeted design.  
Q1: What studies have been done that help guide designers and developers to create 
mobile websites for smartphone usability? 
Q2: Does the interface layout of a smartphone device affect the user’s ability to 
effectively carry out a task? 
1.3. DEFINITIONS OF KEY TERMINOLOGY 
Android Platform is an open source mobile platform developed by the Open Handset 
Alliance, led by Google Inc. The Android platform is open source and intended for 
anybody interested to download and customize its code without paying a fee. However, 
Google and the Open Handset Alliance tightly control the core programming of the 
Android platform. 
Cascading Style Sheets (CSS) is a set of standardized styles used for describing look and 
format of websites written in HTML.  
Cellular Phone (also known as a mobile phone) is a wireless telephone device that sends 
and receives telephone calls over a radio link. 
Hypertext Markup Language (HTML) is a standardized markup language used for 
describing how pages of text, graphics, and other information are organization and 
linked together through the use of tags. HTML5 is the latest version, and is built upon 
previous versions of HTML. 
iOS was developed as the primary operating system for Apple Inc.’s mobile devices 
including the iPod, iPad, and iPhone.  
iPhone was developed by a collaboration between Apple Inc. and AT&T (formally 
Cingular). The iPhone is a family of smartphones developed by Apple Inc. and currently 
in its sixth generation.  
JavaScript (JS) is a standardized computer programming language used for organizing and 
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handling scripts, that automate software tasks when interacted with on the client-side’s 
browser.  
Mobile is when a device or service is used with the potential to move to different 
locations.  
Mobile Phone (see “Cellular Phone”).    
Mobilizing is the processing of converting from a desktop platform applications to a mobile 
platform. This includes features, layout, and function to match the needs of the user. 
Native Applications (Offline Applications) are downloadable software applications built to 
work on the one platform they were built for. Because native applications are 
downloaded, they become integrated with the device for offering a superior user 
experience (Matzer, 2013).   
Platform is a device’s software/application technology and the environment in which it runs.  
Smartphone is a mobile phone with advanced computing features and data connectivity. 
Software Applications is software used to perform useful tasks running beyond the 
capabilities of the computer or mobile device.  
Telecommunication is the communication measure of distance through electromagnetic  
waves.  
Web Applications (Web Apps) are becoming more and more frequently used amongst web 
developers (Lawson & Sharp, 2012).  
Web Browser is a software application used for interpreting HTML commands used to 
organize and display parts of a webpage.  
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CHAPTER 2. REVIEW OF LITERATURE 
2.1. INTRODUCTION 
Mobile phones and the Internet have played an increasingly prevalent role in the 
advancements in communication. Each has separately revolutionized the way that people 
communicate and access information. The recent advancements in hardware and networking 
technologies have allowed people to access the Internet on their mobile phones, providing a new 
platform to develop and communicate. The first part of this thesis discusses existing literature on 
the background of mobile phones, the Internet, software applications, and existing mobile 
interface design and usability.  
The review of literature will discuss the backgrounds of mobile phones (2.2) the Internet 
(2.3), software applications (2.4), and how each has aided in the advancement of communication 
technologies. Then the literature review will then discuss the mobilization of desktop 
applications and interface design of mobile applications (2.5). The literature review will help to 
aid in the design and development process of this study.  
2.2. MOBILE PHONES TO SMARTPHONES 
Mobile phones have revolutionized the way people communicate and receive 
information. The term mobile has often been used to describe the device; however Barbara 
Ballard, founder of Little Springs Design, argues that its actual reference refers to the user 
(Ballard, 2007). First released by the American telecommunications company, Motorola, mobile 
phones have allowed users to stay communicated while being “mobile.” Since then, there have 
been hundreds of mobile phones, each building upon previous generations’ technology by 
offering new capabilities and forms of communication. The improvements in mobile technology 
have allowed for more advanced features (Table 2.1) that have revolutionized the way people 
communicate and connect to other people and the world.   
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Table 2.1. Specification differences between the features of Mobile Phones, PCD/PDAs, and 
Smartphone devices based from Designing the Mobile Experience, Barbara Ballard, 2007.  
Features (Mobile) Phone PCD/PDA Smartphone 
Primary Use • Voice Calls • Information storage 
and retrieval 
• Voice Calls 
• Information retrieval 
Input Method • 12-key keypad • Stylus • Stylus 
• On-screen keypad 
Display Size • Typically very 
small, 12 characters 
by 4 lines 
• 160 x 160 pixels is 
common, but generally 
displays are fairly 
larger 
• 320 x 480 pixels, but 
generally displays are 
fairly larger 
Communication  
Capabilities  
• Typically just voice, 
but via GSM, 
CDMA, GPRS, or 
Bluetooth 
• GPRS, WAP, or 
Bluetooth 
• GSM, GPRS, Bluetooth, 
or Wi-Fi 
Expandability  • Little or none; some 
phones allow snap-
on hardware 
features, but this 
capability is rare 
• Software expandability 
is extensive; additional 
applications can be 
added; many PDAs 
offer hardware add-ons  
• Software expandability is 
extensive; additional 
applications can be 
added; many 
smartphones offer 
hardware add-ons  
 
 
Figure 2.1. Timeline of Mobile Phones based from based from Designing the Mobile Experience, 
Barbara Ballard, 2007. 
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2.2.1 Mobile Phones 
The first mobile phone, the Motorola DynaTAC 8000x (Figure 2.1), used analog 
communication (radio waves) to send and receive telephones calls. Early mobile phones were 
known as mobile telephone handsets and used primarily for voice communications and supported 
at least a 12 input keyboard (Weiss, 2002). In 1992 Motorola released the International 3200, the 
first mobile phone to have a display screen (Fling, 2009). Also in 1992, Global System for 
Mobile Communications (GSM) commercially launched the second-generation (2G) wireless 
technology (Fling, 2009).  
Advancements of 2G technology allowed for mobile phone conversations to be digitally 
encrypted (instead of analog), and provided the first data packages. Data packages gave mobile 
phone users the ability to communicate through short message service (SMS) texting, which 
were limited to 16 characters by 4 lines screen display (Weiss, 2002). Screen displays in mobile 
phones became slightly larger, but never exceeded 160 x 160 pixels (Table 2.1).  
2.2.2 PDAs & PCDs 
Mobile devices also took another direction in 1994 with the release of Personal Digital 
Assistants (PDAs) and Personal Communication Devices (PCDs) (Figure 2.1). PDAs were 
wireless stand-alone handheld devices with no voice connectivity, but were used in industry to 
run downloadable work related applications (Ballard, 2007). Later versions of PDAs became 
what were commonly referred to as a Personal Communications Device (PCD). PCDs shared the 
basic phone features as a mobile phone, but also included a suite of PDA features such as 
“customizable applications, synchronization with a desktop computer, and Internet browsing” 
(Weiss, 2002). PCD includes the Danger Sidekick and the RIM (Research In Motion) Blackberry 
that targeted public consumers, offering a larger breadth of entertainment applications and 
offered a display screen typically larger then 160 x 160 pixels.   
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2.2.3 Smartphones 
Like mobile phones and PCDs at the time, smartphones ran on 2G networks but were 
driven by an Intel 386 central processing unit (CPU), offering the user a larger range of usability. 
Further improvements in cellular networks and phone CPU lead to the Nokia 7110. Released in 
1999, the Nokia 7110 was the first smartphone with a wireless application protocol (WAP) 
browser (Weiss, 2002). A WAP browser is a web browser for mobile phones allowing users to 
access email, track stock-market prices, sports results, news headlines, and music downloads. 
Early smartphones using a WAP browser required more a more detailed and advanced GUI 
interface.  
In 2002, Ericsson, the world’s largest manufacturer of equipment for telecommunication 
networking companies, released the P800 featuring the first color touch screen. At this time, 
touch screens failed to catch the publics’ attention (Weiss, 2002). The QWERTY keyboard, 
current keyboard layout, became a rising trend amongst mobile phones. Also released in 2002, 
the Nokia 3510i brought General Pocket Radio Service (GPRS) Internet to mobile devices. 
GPRS was used to launch the third-generation (3G) wireless telephone technology. 3G 
technology provided an information transfer data rate of at least 200 kilobits per second (Kbit/s) 
allowing more and larger data to be transferred over the user’s smartphone.  
Third-generation technology increased the smartphone landscape including phones such 
as the Palm Treo600 and the RIM BlackBerry Quark 6210. Both smartphones were released with 
phone, PDA, and camera-integrated technologies. However even with their advancements, 
smartphones had failed to pique the public’s interest to create a demand and only captured 10% 
to 15% of the global mobile phone market share (Fling, 2009). The failure of smartphones was 
the result of not being able to find the “right mix” of features and functionality, as many 
smartphone players came from outside the wireless industry (2009).  
In 2007, Apple released the iPhone, which built upon capabilities of its predecessors and 
revolutionized the smartphone industry. The iPhone was the first to offer: a multi-touch sensing 
screen to replace the QWERTY keyboard, a bitmap screen, and full HTML Internet browsing 
  
 
8 
(Figure 2.1). Not long after its release, the iPhone surpassed RIM by capturing 30% of the 
overall smartphone market (Fling, 2009). More impressive was that in less than a year more than 
2,000 mobile web applications were made specifically for the iPhone.  
The mobile web applications were made as a result of Apple refusing to release developer 
tools for creating applications (apps) that could be directly downloaded to the iPhone. When the 
iPhone was first released it had 12 apps, not enough to fill the phone’s home screen. Once 
developers learned how to hack the phone, Apple had no choice but to release a hub for 
managing apps to be uploaded and downloaded (Fling, 2009). In 2008 Apple released the second 
generation of its iPhone: the iPhone 3G. Within just six months of the iPhone 3G’s launch, Apple 
also launched the App Store to meet the demands of third-part developers. The App Store had 
already “seen its more than 10,000 application downloaded over 300 million times, at a rate of 2 
million per day” (Fling, 2009).  
In response to the popularity of Apple’s iPhone, a joint effort known as the Open Handset 
Alliance (OHA) consisting of Google, HTC, Sony, Dell, Intel, and others, released the Android 
Operating System (OS). The Android OS is an open source Linux-based platform that is not one-
device specific. As of 2011, over 70 smartphone devices were running Android OS.  
Collectively the iPhone and Android devices dominate the U.S. smartphone landscape 
with nearly 90 percent of the market (comScore, 2013). They have helped to make smartphones 
the leading mobile device, surpassing 125 million U.S. consumers in 2012 (2013). 
2.2.4 Growth of Smartphones 
According to the survey Media Metrix Multi-Platform (Beta), conducted by the electronic 
media market research company, comScore, smartphone adoption grew exponentially by nearly 
30 percent to more than 50 percent (see Figure 2.2) of the entire mobile phone market landscape. 
(comScore, 2013). Also within the past year, smartphones have narrowed the gap of content 
consumption with desktop platforms. The Media Metrix Multi-Platform (Beta) revealed that 
more than 1 in 3 minutes (37%) of content consumption is now beyond the computer (comScore, 
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2013). This type of growth is expected to rise over time as everyday content consumption 
becomes more reliant on smartphone and tablet devices (comScore, 2013).  
 
 
Figure 2.2 Mobile Phone Market Share Trend By Platform, comScore, December 2010-
December 2012 
 
 
Pew Internet, a branch of Pew Research Center that surveys trends of electronic devices, 
conducted a survey for cell phone activity amongst different demographics. The survey found the 
largest growth of smartphone activity from 2005-2012 was with users using their smartphone 
device to access the Internet (Pew Internet, 2012). The survey showed that since 2005 more than 
half the users surveyed (56%) use their smartphones to access the Internet (Pew Internet, 2012). 
Based on the results from the survey, there is no difference between gender and Internet access. 
However, the results show a significant difference in age and education level with Internet 
access. From the results, users between the ages of 18-29, and users with at least some college 
education level, access the Internet most frequently (18-29: 77%, Some College: 62%, College 
+: 66%, see Table 2.2) on their smartphone device (Pew Internet, 2012).  
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Susannah Fox, a member of Pew Research Center, claims, “age is a strong predictor for 
whether someone has Internet access” (2006). As shown from the data of the Pew Research 
Center’s Internet & American Life Project: Summer Tracking Survey, 77% of users 18-29 access 
the Internet through their smartphone device, more then any other demographic (Table 2.4). Fox 
states the 18-29 year old age group is called the ‘Digital Natives,’ since they’ve grown up with 
this technology their entire life” (2006). This 18-29 year old age group directly relates to the 
education level demographic; groups ‘some college’ and ‘college plus’ are the two largest 
education level groups accessing the Internet on their smartphone devices (see Table 2.2).  
Within the past 6 years, smartphones have played an increasingly prevalent role in the 
way users communicate. No longer used for just phone-to-phone conversations, smartphones 
have also revolutionized the way users access the Internet. This revolution in communication is 
the result in advanced hardware and network technology. As these technologies continue to 
exponentially improve, smartphones will continue to play an arguably indispensible role in daily 
communication (comScore, 2013).  
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Table 2.2 Adaption of Pew Research Center’s Internet & American Life Project, Summer 
Tracking Survey, Pew Internet, August 7-September 6, 2012   
All smartphone owners (n=2,581) 56% 
Men (n=1,163) 
Women (n=1,418) 
57% 
56% 
Age  
18-29 (n=451) 
30-49 (n=770) 
50-64 (n=710) 
77% 
69% 
40% 
Education Level  
No high school diploma (n=187) 
High School grad (n=681) 
Some College (n=679) 
College + (n=1,020) 
38% 
47% 
62% 
66% 
 
2.3. INTERNET 
Another crucial form of modern communication is the Internet. First conceptualized by 
J.C.R. Licklider in 1962, the Internet has exceeded the capabilities of peer-to-peer 
communication by creating a global network that can be contributed to and experimented with by 
all (Leiner et al., 2009). Building upon previous media predecessors like the telephone and 
television, the Internet was originally developed as a tool for people to share information. 
Scientists first used the Internet to generate and share large amounts of data, but software 
engineers discovered very early on that the Internet provided a powerful platform in which the 
browser can be used as a “universal user-interface to applications that run locally or remotely on 
a server” (Jazayeri, 2007). Using a server meant that browsers could retrieve data and format 
them using hypertext mark-up language (HTML). HTML is used as a universal standard for 
describing how pages of text, graphics, and other information are organized and linked together.  
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2.3.1 Growth of the Internet 
Over the past two decades, society has seen the Internet evolve from being a tool used by 
scientists to share information, to a global networking tool for communication. Equally 
impressive is the exponential growth of the number of American adults who use the Internet 
from 14% in 1995 to 81% in 2012 (see Table 2.3). Of the 81% of American adults who use the 
Internet, there is no significant difference between men (80%) and women (82%). This 
comparison was also true between men and women smartphone users who access the Internet 
through their smartphone device (see Table 2.3).  
Table 2.3 Adaption of Pew Research Center’s Internet & American Life Project, Demographics 
of Internet Users: 5 of American Adults within each group who use the Internet, Pew Internet, 
August 7-September 6, 2012   
All adults 18+ (n=2,261) 81% 
Men (n=1,054) 
Women (n=1,207) 
80% 
82% 
Age  
18-29 (n=335) 
30-49 (n=585) 
50-64 (n=689) 
94% 
89% 
77% 
Education Level  
No high school diploma (n=209) 
High School grad (n=662) 
Some College (n=598) 
College + (n=770) 
51% 
74% 
89% 
95% 
 
2.3.2 HTML 
There have been several versions of HTML since the web was first created, each intended 
to build upon previous versions. In 1994, when the Internet was released to the public, HTML 
was in its second generation, “HTML 2.0,” that was based on physicist Tim Berners-Lee’s 
original “HTML Tags” concept. Tags allowed developers to organize and link pages to one-
another. Further development was specified and maintained by commercial software vendors of 
the World Wide Consortium (W3C). The W3C is the main international organization used for 
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standardizing HTML. Each version of HTML has made advancements based upon the demand of 
devices it runs on and those of designers and developers (see Table 2.4).  
The fifth and latest version of HTML expands on the multimedia capabilities of previous 
HTML versions. Many new features incorporated into HTML5 are designed to handle 
multimedia on the Internet without having to resort to plugins or API’s (Application 
Programming Interface) (Matzner, 2012). Because of its detailed processing model that 
encourages main interoperable implementations, HTML5 provides developers a powerful and 
cross-platform tool for desktop and mobile web (Duckett, 2011). The use of HTML5 allows 
developers to build applications used on iPads, iPhones, Windows phone, and Android mobile 
phones and tablets (Duckett, 2011).  
Developers have been excited by the prospect of application development technologies, 
such as iOS or Sencha Touch, that utilize HTML5, JavaScript, and CSS3 to create web 
applications on cross platforms. Nowadays over one-third (37%) of content consumption is spent 
away from desktop computers, and spent browsing the Internet using smartphone or tablet 
devices (comScore, 2013). Thus, features of HTML5 are carefully built with consideration that 
web applications run properly on low-powered devices (Clark, 2012). A survey done by ABI 
Research found that by the end of 2013, over 1.4 billion browsers on mobile devices would be 
compatible with HTML5 (API Research, 2013). As a result of its popularity, the survey also 
showed that 90% of developers prefer HTML5 for website, and only 15% prefer to use a native-
only approach (API Research, 2013). 
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Table 2.4 Adaption from HTML timeline, Why Web Apps Will Crush Native Apps, Robert 
Matzner, 2012 
HTML Version  
 Year 
Description 
HTMLTags 
1991 
• HTML document using 18 HTML tags made publically for the first 
time.  
HTML 1.0 
1992 
• First HTML assigned with a version Number 
• Very limiting 
• Allowed users to display simple text on the Internet 
• Consisted of 22 tags 
HTML 2.0 
1995 
• Internet started to gain some popularity 
• Similar to HTML 1.0 with a few new features 
HTML 3.0 
1996 
• Internet started to gain more popularity, and people started to 
demand more from HTML 
• Netscape was the leading browser, creating a set of proprietary tags 
that could only be used on the Netscape browser 
• Offered several new abilities, but were slow to run web browsers  
HTML 3.2 
January 1997 
• Proprietary tags continued to grow more popular, thus demanding a 
HTML standard 
• The World Wide Consortium (W3C) was lead by Tim Berners-Lee 
to standardize HTML 
• HTML 3.2 became the first official HTML standard  
HTML 4.0 
December 1997 
• Styling pages/sheets (CSS) was created  
• Provided new tags for stylesheets, scripts, frames, embedded 
objects, more complex tables, and more complex forms improved 
accessibility 
HTML 4.01 
1999 
• A revised version of HTML 4.0 specifying <form> and <frame> 
tags 
XHTML 
2000 
• XHTML stands for eXtensible HTML 
• Similar to HTML, but more advanced 
HTML 5.0 
2001 
• Can be written using either HTML or XHTML syntax 
• Features built with on low-powered devices  
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2.4. SOFTWARE APPLICATIONS 
 Much of today’s smartphone success came from what Steve Jobs found lacking with 
previous smartphone devices: a friction-free app ecosystem providing a database to distribute 
native apps (Helal, Bose, Li, 2012). The App Store, Apple Inc.’s software application 
downloading system, allows iPhone users to download native applications to their smartphone, 
extending the software possibilities. When originally released in 2007, the iPhone had 7 
applications pre-installed (not even enough to fill the home screen). Against Steve Job’s efforts, 
third party software companies were allowed to develop applications for the iPhone in 2008 with 
the launch of the iPhone 3G. Since then, more then 775,000 native apps are in Apple’s App Store 
(Fling, 2009).  
2.4.1 Native Applications 
Native applications (apps) have played a vital role in the success of Google’s Android OS 
and Apple’s iOS platforms. Based on comScore’s Mobile Future in Focus 2013, consumers 
demonstrated a clear preference for engaging with native apps “4 out of every 5 mobile minutes, 
opposed to mobile web in 2012” (2013). Currently, with over 775,000 native apps in Apple’s 
App Store, third-party developers have found apps as an opportunity to expand the capabilities of 
the iPhone (Fling, 2009). After seeing the success of apps on the iPhone, other mobile companies 
such as Samsung, Motorola, LG, and HTC, have entered the smartphone app market by 
introducing the Android OS and Android App Market (2009). App stores such as the Apple App 
Store and Google Play, have made browsing for native apps easy to find and install, hence the 
catchphrase “there’s an app for that” (Matzner, 2012). A large challenge arises with native apps 
as the landscape of mobile devices continues to grow. Current technology makes native 
applications the superior user experience, as they aren’t restricted by the web browser’s 
limitations. This allows native apps to have a smoother, more polished look and feel (2012).   
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With the diverse range of smartphone operating system specifications, the issue of each 
operating system having different standards and requirements arises. This becomes a challenge 
for developers when programing for each device’s specific “screen size, processor power, 
graphic capabilities, the number of buttons the phone has, and how the buttons are oriented” 
(Fling, 2009). If, for example, the app is using a Java ME framework, developers need to know 
what version of Java ME the device supports. Multiply that by the hundreds of touch devices 
currently on the market. “Although mobile applications can typically provide an excellent user 
experience, it almost always comes at a fantastic development cost, making it nearly impossible 
to create a scalable product that could potentially create a positive return in investment” (2009). 
To avoid these concerns, many developers focus their attention to designing an app exclusively 
for either the iPhone or Android platform.  
Exclusively designing for a single platform cuts down on time and cost for developers; 
however, this limits itself from the other half of the market (Fling, 2009). Due to these 
limitations, many developers see the mobile web browser as the answer for the future. With 
improved cross platform capabilities brought on by HTML5, developers have already seen a shift 
from native apps to web apps (comScore, 2013).  
2.4.2 Web Applications 
When the first iPhone was originally released, the only apps available were already pre-
installed. At the time, Apple didn’t allow developers to create additional native apps for the 
iPhone (Fling, 2009). Instead, developers were urged to create apps that would run on the Safari 
browser. Since then, web applications have become an increasingly popular method of app 
development amongst Web programmers, one of the reasons being the ability to release new 
versions of an app across all smartphone platforms (2009). This approach is less laborious and 
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expensive, as managing and releasing updates is done through the browser. Native apps act on 
their own server, so whenever an update is needed, programmers are only able to update one 
version of the app at a time. With Web apps, the browser acts as a universal client, which 
“renders content that is device-, platform-, and operating-system-independent” (2009).  This 
allows developers to focus on improving application rather then managing maintenance and 
other upgrade issues.  
As opposed to native apps that often have an update cycle of months or even years, Web 
apps can be updated multiple times a day. The move to web-based applications “reverses the 
trend towards distributed computing that was motivated by the spread of personal computers in 
the 1980s” (Jazayer, 2007). The evolution of Web application development has stemmed from 
the move towards open source and standardized components. Early Web applications offered 
very limited interactivity, mainly using textural user interfaces of only displaying text. Today’s 
Web applications, collectively called Web 2.0, “offer rich interfaces, are interactive, and support 
collaborative users” (Fling, 2009). 
The initial idea of the browser was thought of as a thin client depending heavily on the 
server to do all the processing. The client makes a command on the browser, and the server 
responds to the browser’s request and sends back the results to the client. The original task of the 
browser was to interpret and display HTML content. As Web applications became more evolved, 
a heavier reliance was needed from the browser.  
Software engineers observed these needs, which led to adding more capabilities on the 
browser side. “One of the first steps was JavaScript which supports sophisticated client-side 
processing by the browser” (2007). JavaScript has become a much larger language since its 
introduction, replacing functions that were previously done on the server. 
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2.4.3 Difference Between Native and Web Applications 
Today smartphone users are often given two capabilities of interacting with their mobile 
device: native and web applications. Each type of application serves a similar purpose and 
achieves a similar goal, but the development and capabilities are completely different. Mentioned 
previously, native apps are downloaded directly to the user’s smartphone and run directly on its 
own server. Being downloaded directly to the user’s smartphone offers great device capabilities, 
but is often limited to a handful of devices. This limitation is due to the fact that each smartphone 
platform (Apple iOS, Android OS, BlackBerry, Windows) requires a different coding language 
for their apps. Unlike native apps, Web apps operate on the browser that uses universal coding 
(HTML, CSS, JavaScript). 
Rapid advancements in HTML5 and set standards by the World Wide Web Consortium 
(W3C) have created a standard across mobile devices. These improves allow web apps to - or 
will be able to do – many things native apps can do. While native apps are currently more 
popular, they must be downloaded requiring the app to abide platform and hardware 
specifications (Table 2.5). This often requires more money and more time spent developing 
native apps. 
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Table 2.5 A list of differences Between Native and Web Applications, Mobile Phone Market 
Share Trend By Platform, comScore, December 2010-December 2012 
Features Native App Web App 
Internet Access • Not required  • Mostly required 
Installation/ 
Updating 
• Must be downloaded • Browser refresh 
User Interface/ 
Responsiveness 
• More responsive • Limited by browser 
• JavaScript and jQuery 
• Catching up to native app speed 
Device 
Compatibility  
• Platform-dependent 
• Hardware-dependent 
• Content can be reformatted with CSS 
to fit any device 
Graphics  • Fast and responsive • Slower to render then native app, but 
catching up 
Development • Specific code and development tools 
required for each platform 
• Open-source 
• Publish once 
Distribution • Wait for approval (when using 
Apple App Store) 
• No approval for Android devices 
• No approval 
 
2.5. EXISTING MOBILE USER INTERFACE DESIGN 
With the continued improvements in handheld hardware and wireless technology, many 
innovative applications have provided users ubiquitous access to information (Li & Liao, 2002). 
As previously stated in comScore’s Media Metrix Multi-Platform (Beta), more than 1 in 3 
minutes (37%) of content consumption is now beyond the computer (comScore, 2013). Noticing 
this trend from desktop to handheld devices, many businesses have developed applications 
specifically for smartphones that include daily news services, mobile advertising, restaurant and 
entertainment listings, and mobile commerce (m-commerce) applications (Varshney & Vetter, 
2002).  
This move from desktop to mobile devices has offered businesses a new platform to 
promote their products and services. While the mobile platform differs in user context, business 
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context, device, and technologies, the fundamental design and development principles remain the 
same (Ballard, 2007).  
2.5.1 Mobile-Targeted Design 
Most mobile applications have limitations similar to the desktop, but also have all the 
limitations of the mobile devices (Ballard, 2007). This has commonly been the result of mobile 
applications being a miniaturized version of the desktop application (2007). However, mobile 
applications that have been formatted for mobile devices have seen considerable success due to 
the result of mobile-targeted design. Mobile-targeted design differs from desktop-targeted design 
due to “The Carry Principle: the user typically carries the device, all the time” (2007). The Carry 
Principle has several identifications on the mobile device found in Table 2.6. 
Table 2.6 Carry Principle, Designing the Mobile Experience, Barbara Ballard, 2007 
Identification Description 
Form Devices are small, battery-powered and have some form of wireless 
connectivity. 
Features Any desirable information or entertainment features on the computer 
or television will make their way onto mobile devices. 
Capabilities Lack of wireless speed, processing power, and screen size has 
resulted in slower network speeds and less memory then desktop 
computers. 
User Interface Limitations of the small screen size makes sharing information 
between applications problematic. 
Proliferation A personal mobile needs to match a user’s needs and desires. 
User Availability A mobile user is more available for communication because the 
device is always present. 
Social Behavior Always-available connections with mobile devices have modified 
social behavior for meetings and access to information. 
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2.5.2 Platform Environment 
The design of software starts with a consideration of where it will be used. Websites or 
applications intended for desktop or laptop computers are often very standardized, having to only 
ask which operating system to design for (Ballard, 2007). This is the result of a number of 
agreed-up characteristics that make up the desktop environment (2007). 
 
Figure 2.3 Desktop (left) and Mobile (right) Platform & Dimensions based on Apple Developer 
Kit, 2012. 
 
Characteristics of the desktop environment include a large bitmap screen of at least 800 x 
600 pixels (see Figure 2.3), a full QWERTY keyboard, a mouse/touch pad, speakers, and 
applications residing in windows (Ballard, 2007). Varying connections speeds can range from 
slow (512 Kbps) to fast (40 Gbps or more). In the United States, Internet access is generally 
unlimited. Desktop applications are used either at a desk or sitting on a lap, using both hands 
(2007).  
Characteristics of devices in the mobile environment do not have the same set of 
standards due to their highly varying capabilities and needs of mobile users (2007). A user, 
operating a smartphone device isn’t limited to a working surface but could be sitting on a train, at 
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a restaurant, or walking down the street (2007). Many of these scenarios can be done while using 
a smartphone device, because most of these devices require just one hand to operate. The input 
interface for most smartphone devices includes a limited keyboard, touchscreen, or microphone.  
2.5.3 One-Handed Operation 
Although mobile devices can be used with two-hands, they are frequently used with one 
hand. Accordingly, the interface of smartphone devices must meet the demands of the users’ 
needs. This demand often requires the interface design to mobilize, and not miniaturize (Ballard, 
2007). Developing one application that works on both desktop and smartphone devices is 
suboptimal for both platforms (2007). As previously stated, each platform has different 
specifications. A full-size computer doesn’t have a touch screen interface or reliable voice 
communications; a smartphone device doesn’t have the same screen dimensions or readily 
available keyboard (2007). To mobilize a desktop application often requires reconsidering the 
purpose, interactions, and display of the application.     
2.5.4 Mobile Layouts 
Smartphone devices have emerged as one of the most popular technologies for accessing 
the Internet. Their popularity has attracted many telecommunication companies, which has 
resulted in a large range of devices for customers to choose from. As a result, many devices vary 
in screen dimensions due to lack of standardization. Although they differ, most smartphone 
devices have been fitted with long vertical dimensions. Based on the literature from Barbara 
Ballard’s “Designing the Mobile Experience”, there are two effective screen layout solutions 
when designing for smartphone devices: list-based layouts and table-based layouts. 
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Figure 2.4 Table-based (left) and List-based (right) Layouts 
2.5.4.1 List-based Layout 
 One of the layout options recommended when designing for a smartphone device is a list-
based layout. List-based layouts take advantage of the long and narrow dimensions of a vertical 
screen. The orientation of list-based layouts is long, narrow columns, taking advantage of 
paragraphs wrapping, and spilling down the screen (Ballard, 2007). For links, it’s recommended 
that each link should be on its own line, optimizing scroll-and-select navigation (2007). Most 
list-based layouts are text dominant and left aligned (see Figure 2.4). Icons can also be used 
beside text as a secondary identifier.  
 List-based layouts are recommended over table-based layouts in mobile websites that 
include large amounts of content or require frequent changes. However horizontal layouts, 
tables, and sidebars will look squished when formatted in a list.  
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2.5.4.2 Table-based Layout 
The second recommended layout when designing a website for a smartphone device is a 
table-based layout. Table-based layouts take advantage of centering content, as they are 
especially popular with many devices or applications that have a launch screen, or home screen 
(Ballard, 2007). A launch screen, on mobile devices, is typically a simple design, three to four 
columns wide, where major components (main navigation links) are started. Because of their 
centered orientation on the screen, icons are commonly used as the primary indicator, and text is 
the reinforcing secondary indicator underneath (see Figure 2.4).  
Table-based layouts are recommended over list-based layouts in mobile websites when 
using icons, and when content is minimal. Icons have been shown to be highly effective as they 
arouse user’s episodic memory (Hitch, 1987). Its discouraged to use a table-based layout when 
the number of items exceeds a single page, or if the screen demands frequent changes (2007). 
2.5.5 Information Processing of Mobile Layouts 
Based on the literature both interface layouts are highly effective for mobile devices, but 
hierarchy and formatting are handled differently. One crucial difference between the two layouts 
is how each handles navigation links. As previously mentioned, list-based layouts are text 
dominant and in some cases use icons as a secondary indicator; whereas table-based layouts are 
icon-dominant and use text as a secondary indicator (see Figure 2.4). Other than layout 
differences, one can evaluate the differences between icon and text to understand how users 
process information.  
According to Graham Hitch, professor of psychology at the University of New York, many 
psychology experts have found that icons are often remembered more and easier to recognize 
then either text or sentences (Hitch, 1987). Hitch suggests “graphic interfaces may offer 
considerable benefits over text-based interfaces, since graphic interfaces provide an interesting 
environment which easily arouse the users’ episodic memory. It is especially helpful if the 
interface is complex” (Hitch, 1987).   
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Although this study isn’t comparing icon and text relationships, understanding how users 
perceive and retain information is important when designing for a small screen. 
2.5.6 Alphabetic Ordering/Organizing Information  
Due to the limitations of screen size on smartphone devices, designers are encouraged to 
alphabetically sort items. More frequently used in list-based layouts, alphabetically sorted items 
can be navigated through more quickly as some lists can excess more then 200 items (Ballard, 
2007). Alphabetically ordering items is an unofficial standard that is recommended for 
applicable devices and platforms. 
For this study, the only difference between the two prototypes is how each interface 
organizes information. The designs of the table-based and list-based prototypes were based from 
their characteristics described by Barbara Ballard (Table 2.7). These characteristics were taken 
into consideration when designing both prototypes.  
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Table 2.7 List and Table-Based Layouts, Designing the Mobile Experience, Barbara Ballard, 
2007 
Features List-Based Table-Based 
Design • Recommended 1xX (X = infinite 
number of rows)  
• Vertical web/application page 
• Paragraphs 
• Icons with label beside 
• Each link should be on its own 
line 
• Text dominant (often only text) 
• Recommended 3x4 or 4x4 
• Simple 
• Little need for softkeys or buttons 
• Icons with label underneath  
• Focus should be on the center 
• Graphic dominant 
Device 
Compatibility 
• Content can be reformatted with 
CSS to fit any device 
• Easier to add/delete links 
• Platform-dependent 
• Hardware-dependent 
• Harder to add/delete links 
When Used • Most non-game screens 
• Screens that do not serve as main 
screen of an application 
• Almost all web pages 
• On a screen with frequently 
changing options 
• If content exceeds viewable screen 
• Launch screens 
• Little amount of content 
• If content can be confined to one 
screen 
• Not recommended on a screen with 
frequently changing options 
 
Applicable  • Scroll-and-Select • Press-to-select 
• Stylus-driven devices 
 
 
2.6. SUMMARY 
Smartphone devices have provided designers and developers a new platform in which to 
expand the way people communicate and access information while being mobile. Mobility has 
made smartphones a desirable technology, bringing with a set of limitations of screen size and 
usability. As smartphones continue to play an increasing role in our everyday life, usability needs 
to match the users’ needs and desires (Ballard, 2007).  Based on the literature, this study will test 
the effectiveness of table and list-based interface. Table and list-based interfaces have been 
recommended as they provide an efficient method of accessing information.   
  
 
27 
CHAPTER 3. ANALYSIS OF MOBILE WEBSITES & METHODOLOGY 
3.1. OVERVIEW 
In order to evaluate the effectiveness of both list- and table-based mobile website 
interfaces, a usability study was employed. The study methodology was broken down into three 
phases: analysis study of currents mobile websites, development of a prototype, and development 
of a usability study. The analysis study of current mobile websites draws from the recommended 
literature of criteria and methodology for analyzing current mobile websites (3.2). The second 
phase will apply the analyzed data collected from the current website study to develop two 
interface prototypes used for testing (3.3). During the third phase a usability study is conducted 
to analyze the effectiveness and ineffectiveness of the two interfaces (3.4) including an entrance 
questionnaire, task scenarios for both interfaces, an exit questionnaire, and tools used for 
analyzing statistical data.   
This study is based upon existing usability studies conducted by: Brooke (1996), 
Branaghan, (1997), Catani (2003), Ericsson & Simon (1993), Walker et al (2002), Vanderheiden, 
(2000), and Virzi (1990, 1992).  
3.1.1 Purpose  
The purpose of conducting the usability study is to find the most effective mobile website 
interface layout based upon results from the reviewed literature, analysis of current mobile 
websites, and the usability study. It is predicted that the results of the usability study will reveal 
the effectiveness of the most frequently used mobile website layout, and aim to answer the 
research questions stated in the introduction: 
This study draws form the reviewed literature and analyzed data of current mobile 
websites, which suggest that list and table-based layouts are most effective for mobile device 
screen dimensions (Ballard, 2007). User interface layouts with high recognizability, low ease-of-
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use learning curve, and simplicity are effective aids to the performance when using a smartphone 
device.  
3.2. ANALYSIS OF CURRENT MOBILE WEBSITES 
The analysis study of existing mobile websites is aimed to identify the two most 
frequently used interface layouts of the 23 selected current mobile websites. The results of the 
analysis study will aid in the development of two interface prototypes that will be used for 
usability testing. Based upon the reviewed literature, it was recommended to use either list-based 
or table-based layouts for smartphone mobile websites. This analysis will help to support, or 
argue the recommendation.   
3.2.1 Mobile Website Study 
It was previously decided upon that Iowa State University would be the subject matter of 
the prototype development, as participants for the usability testing were students, faculty, or staff 
of the university. The 23 current mobile websites selected (including Iowa State University) for 
the study were split into two groups: 10 that have relevant subject matter to Iowa State 
University, and 12 that do not have relevant subject matter to Iowa State University. Iowa State 
University is identified as a land-grant research university, geographically located in the mid-
west, and part of the NCAA Big-12 Conference. Accordingly, the 10 mobile websites with 
relevant characteristics were: Baylor University, University of Iowa, University of Kansas, 
Kansas State University, University of Oklahoma, Oklahoma State University, University of 
Texas, Texas Christian University (TCU), Texas Tech, and the University of West Virginia. As 
these schools share similar geographical characteristics and are part of the NCAA Big-12 
Conference.  
It was also decided to analyze current non-university mobile websites. The 10 mobile 
websites that do not have relevant characteristics were identified using the top 10 non-search 
sites from comScore’s Top 25 Digital Properties by Digital Popular that included Facebook, 
Amazon, Glam Media, Apple, Turner Digital, CBS Interactive, eBay, Demand Media, NBC, and 
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Viacom Digital (comScore, 2013). These mobile websites include social networking, 
mCommerce (mobile commerce), entertainment, and auction sites. 
It was also recommended to study Harvard University and Massachusetts Institute of 
Technology (MIT), two university sites that aren’t as relevant to Iowa State University was 
reviewed to explore the handling of interface design outside the Big12 Conference.  
Once the 23 current mobile websites were identified, a chart was created to observe 
characteristics of how current mobile websites were laid out. Criteria used for analyzing each site 
included genre, type of mobile website, type of navigation, organization method, and if their was 
an optional integrated app (see Table 3.1). Genre was used to define the purpose of the mobile 
website (mCommerce, social networking, etc). This helped to separate college mobile websites 
from other mobile websites for comparison. The type of mobile website was used to define if the 
mobile website was formatted for mobile specifications, or of it was a website reduced to mobile 
specifications (see Figure 3.1). Lastly, the type of organization method used to find the two most 
commonly used organization methods on mobile websites.  
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Table 3.1 Descriptions of identifications based on Barbara Ballard’s Carry Principle, 2007 
Identification Description 
Genre Defining the website genre. Genres included: mCommerce (mobile 
commerce), entertainment, social networking, and university. 
Type of Mobile Website Defining the website as either a web application, or a not formatted 
website (Figure 3.2). 
Type of Interface Defining the type of interface layout. Interfaces assumed: list-based 
layout, table-based layout, and a tabular layout. 
Organization Method Defining how the navigation links were arranged. Arrangements 
included alphabetical and non-alphabetical order. 
Optional Downloadable 
Native App 
Defining if the website also offered the user to download an app. 
Options to download an app were “yes” and “no.” 
 
 
 
Figure 3.1 Web app (left) & Website not Formatted for Mobile Device (right) 
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3.2.2 Analysis of Current Mobile Websites 
The survey was used to identify: 1. How current websites apply mobilization, 2. What the 
two most frequently used interface layouts are if mobilized, 3. How navigation links are 
organized, and 4. The correlation between web apps and native apps (see Table 3.2).  
The 23 analyzed mobile websites had a diverse range of genres. The first question in 
conducting the survey was to compare how current websites apply or do not apply mobilization. 
Based on the collected data from the study, 16 websites were mobilized and 7 were not 
mobilized (see Table 3.2). Two-thirds of the 15 mobilized websites were university sites (see 
Table 3.2). 
The second question in conducting the survey was to agree with or argue against the 
reviewed literature that list-based and table-based layouts are recommended when designing a 
mobile interface. The data from the study agrees with the reviewed literature; that of the web 
apps, list-based was used for 9 sites and table-based layouts were used for 6 sites (see Table 3.2). 
It was expected that list-based layouts would be used more frequently then table-based layouts, 
as the mobile websites analyzed contained large amounts of content (Ballard, 2007). From the 
study’s data, it was interesting to find that when analyzing just university mobile websites, list-
based and table-based layouts were both equally used (list-based: 5, table-based: 5, not 
formatted: 3).   
Another question to agree with or argue against the reviewed literature was the method of 
how mobile websites organize their navigation. The literature recommended that mobile 
navigation should be alphabetically ordered. Based on the study’s data, there was no significant 
difference between alphabetical (9) and non-alphabetically (8) ordering navigation (see Table 
3.2).  
 
Table 3.2 Mobile Website Analysis 
Mobile Website Genre Type of Mobile Website Type of Layout Organization Method Native App 
Baylor University University Web App List Alphabetical Yes 
University of Iowa University Web App List (w/ Icon) Alphabetical Yes 
Iowa State University University Web App List Alphabetical Yes 
University of Kansas University Web App Icon Non-Alphabetical Yes 
Kansas State University University Web App List (w/ Icon) Non-Alphabetical Yes 
University of Oklahoma University Web App List Alphabetical Yes 
Oklahoma State 
University 
University Not Formatted Not Formatted Not Formatted Yes 
University of Texas University Web App Icon Alphabetical Yes 
Texas Christian 
University (TCU) 
University Not Formatted Not Formatted Not Formatted Yes 
Texas Tech University Not Formatted Not Formatted Not Formatted Yes 
University of West 
Virginia 
University Web App Icon Non-Alphabetical Yes 
Harvard University University Web App Icon Non-Alphabetical Yes 
Massachusetts Institute 
of Tech. 
University Web App Icon Alphabetical Yes 
Facebook Social Networking Web App List Alphabetical  Yes 
Amazon Auction Web App List Non-Alphabetical Yes 
Glam Media Entertainment Web App List (Drop Down) Alphabetical Yes 
Apple Inc. mCommerce Not Formatted Not Formatted Not Formatted No 
Turner Digital  Entertainment Not Formatted Not Formatted  Not Formatted No 
CBS Interactive Entertainment Web App Icon Non-Alphabetical Yes 
eBay Auction Web App List Non-Alphabetical Yes 
Demand Media Entertainment Not Formatted Not Formatted Not Formatted Yes 
NBC Universal Entertainment Web App List Alphabetical Yes 
Viacom Digital Entertainment Not Formatted Not Formatted Not Formatted No 
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Lastly the study sought to find the amount of native apps used compared to web apps. 
From the data, native apps outnumbered the amount of web apps (native apps: 20, web apps: 15). 
Based on the literature review this was expected, as development of web apps is a relatively 
young growing trend since the release of HTML5. Based on the analysis of the current university 
mobile websites, it was decided to conduct a usability study to compare which layout is more 
effectively used between list and table-based layouts.  
3.3. PROTOTYPE DEVELOPMENT 
The second phase of the study built upon the findings from the current mobile website 
study and the reviewed literature to develop two prototypes for usability testing. Based on the 
data from the current mobile website study, list and table-based layouts were the most commonly 
used; and were equally used amongst university mobile websites. This finding is supported by 
the literature that recommends the use of these two interfaces when mobilizing websites. The 
methodology for developing two prototype interfaces was broken down into four phases: 1. The 
navigation link study of current university mobile websites, 2. Site map development based on 
the analysis of the navigation link study, 3. Mobilize the current Iowa State University website 
based upon findings from the reviewed literature and studies of current mobile websites, and 4. 
Develop a working prototype using HTML5, the current programming language.  
3.3.1 Navigation Study  
A second study was conducted to analyze the frequency of the home screen’s navigation 
links of the 13 analyzed mobile university websites. The home page for all 13 university mobile 
websites were studied and tallied. Based on the literature, it was recommended to have a 
maximum of 12-16 navigation links per page for table-based layouts (Ballard, 2007). 
Accordingly, it was decided to use 14 of the most frequent navigation links for both prototype 
interfaces (see Table 3.2).  
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3.3.2 Site Map 
Knowing what navigation links will be used on the prototypes; a site map was created to 
organized the links into sections. Designing site maps is a common method used to diagram the 
pages being used throughout the website (Duckett, 2011). The diagram is a visual representation 
of the website’s structure. Site maps also show how pages are related and linked with one 
another.  
For this study, the site map helped to develop task scenarios, the ideal path per task, and 
the number of clicks needed for completing each task (see Figure 3.2). 
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Table 3.3 List of Links and Reoccurrence based on Mobile Website Survey 
Link Sum of 
Reoccurrence 
Link Sum of 
Reoccurrence 
About 4 Future Students 2 
Academics 8 Hours 1 
Admissions 4 Labs 7 
Alerts 4 Laundry 1 
Alumni 3 Library 6 
Athletics 10 Map 8 
Buses 7 Multimedia 2 
Careers 1 News 9 
Class Schedule 9 Organizations 8 
Certifications 1 Parents 3 
Colleges 10 Parking 1 
Current Students 4 Photos 1 
Customize 2 Recreational 
Services 
1 
Department 1 Research 1 
Donors 1 Resources 8 
Dining 8 Social 6 
Directory 7 Sources 6 
Download App 2 Student Information 2 
E-Mail 3 Student Services 2 
Emergency 3 Study Abroad 1 
Events & 
Calendar 
9 Visitors Center 1 
Faculty 3 YouTube 2 
Facilities 9   
Favorites 1   
Full Website 3   
 
  
 
 
Figure 3.2 Site Map
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3.3.3 From Desktop to Mobile  
As mentioned in the literature review, smartphones have not only taken command 
of the mobile phone market, but continue to play an increasing role in how consumers 
access the Internet. Within their relatively young lifespan of only 6 years, 56% of all 
smartphone owners access the Internet (Pew Internet, 2012). This figure is predicted to 
exponentially grow as 4G technologies paves the way for Internet consumption 
(comScore, 2013). In their Mobile Future In Focus Report, comScore predicts “with 
leading smartphones on the market boasting 4G networks, consumers will increasingly be 
enabled with a faster and more robust experience for mobile media consumption” (2013). 
As the push from desktop platforms becoming increasingly mobilized, websites will need 
to take serious consideration of the layout design, as simply transferring a full website to 
a mobile environment is suboptimal (Ballard, 2007).  
When considering to mobilize a desktop website, it is recommended not to design 
the same interface for both platforms, as it will reduce the quality on both platforms. 
Ballard recommends that to mobilize a desktop website means to reconsider the entire 
purpose of the site (2007).  
Another recommendation is to follow standards by organizations such as the 
W3C’s. As previously mentioned, the W3C is an organization that was created to 
standardize coding for multiple interfaces and platforms. In December 2010 the W3C 
released the Mobile Web Best Practices document to standardize mobilizing desktop 
websites. The document states that the usable screen width should be a minimum of 120 
pixels wide, and scrolling down a page can be very cumbersome (W3C, 2010). Findings 
from the literature also recommended not having the navigation content exceed the 
dimensions (Ballard, 2007).   
Participants of the usability study will be interacting with the prototypes on an 
iPhone5. With the release of the iPhone5, Apple also created the iOS Human Interface 
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Guidelines report (Apple, 2012). The list of Apple interface design guidelines, and the 
prototype guidelines are shown in Table 3.4. 
Table 3.4 Apple iOS Interface Design Guidelines & Prototype Interface Design 
Features Apple Guidelines Interface Design 
Screen Dimensions • 640 x 1136 pixels • 640 x 1136 pixels 
Cell Size • 320 x 44 pixels • 320 x 44 pixels 
Font • Helvetica 20 px • Helvetica 20 px 
Font • Regular or Bold • Bold 
Spacing • 10 pixels from left and 
right, and 14 from 
bottom 
• 10 pixels from left and 
right, and 14 from 
bottom 
Tappable Area • 44 pixels • 50 pixels 
Colors • RGB 256 • Dark Crimson: 
#8b0d1d 
• Light Crimson:# 
be1d23 
• Gold: #d7bf01 
• Title: #fefefe 
• Background: #d8dbce 
• Grey: #525252 
 
3.3.4 Prototype Platform Breakdown   
The current Iowa State University website (5 March, 2013) provided the 
terminology, color scheme, and style guide for developing a mobile website prototype. 
Basic features such as the header, primary navigation, body, and footer were carried over 
from the desktop platform. The secondary navigation was carried over, but was used as a 
separate page because there is no rollover state for mobile websites.  
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Figure 3.3 Breakdown of desktop website, Iowa State University “Home” page, Iowa 
State University, www.iastate.edu, March 5, 2013 
 
Figure 3.4 Breakdown of mobile website, table-based Prototype “Index” page  
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Figure 3.5 Breakdown of mobile website, table-based prototype “Athletics” page 
3.3.5 Final Prototypes 
Based on the data analyzed from the mobile website study and the literature, list 
and table-based layouts were used for usability testing. The guidelines and styles for both 
interfaces were identical, except for layout (list-based & table-based) and the icon/text 
relationship (see Figure 3.6). During the usability study, the table-based interface was 
first in Phase 1 and the list-based interface was first in Phase 2. 
The prototypes were programmed using HTML5 and CSS3. JavaScript was not 
used in this study as it could potentially introduce other testing variables such as 
transitions and animation.   
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Figure 3.6 Final Prototype Interfaces (Table-based layout & List-based layout) 
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CHAPTER 4. USABILITY TESTING & MEASURES 
A usability test was conducted to test the effectiveness and ineffectiveness of the 
list and table-based interfaces. The Iowa State University website is an information site of 
which effectiveness is equal to time taken to complete a task. Designing the usability test 
was broken into two phases: set-up of the test and designating measures to evaluate both 
interfaces.   
4.1 USABILITY TESTING SET-UP 
Instructions of the test procedure were given to all participants before testing. An 
informed consent document was given to participants to volunteer in this study (see 
Figure 6.6 in Appendix A). This ensured that the participants were made aware that 
participation was completely voluntary and they may withdraw from the experiment at 
any time. The explanations also stress that the purpose of the test is to study the usability 
of two mobile website interfaces. The test was designed to analyze whether the list or 
table-based interface was more effective to the participants. Data from the tests are 
confidential and participants were assigned an identity number. Instructions informed the 
participants to read aloud the task, use the prototype for completing the task, and indicate 
when they were done. The participants were informed they were given an hour to 
complete the test.  
The participants were required to answer the entrance survey first (4.1.2). Two 
sets of task lists, one for the table-based layout and one for the list-based layout, asked 
the participants to use the interface to complete each task (4.1.5). The participants were 
lastly required to answer the exit survey (4.1.6).  
4.1.1 Subjects 
Research done by Robert Virzi, usability researcher in software development, 
found that 80% of usability problems are uncovered when using just 5 participants and 
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95% when using 20 participants (Virzi, 1992). Therefore, 20 participants were used for 
the test. The participants were randomly selected through the use of written flyers and 
word of mouth. The participants of the user tests were 20 members associated with Iowa 
State University including: students, faculty, or staff members of the university. The 
participants also included both novel and experienced users of smartphones. The 
participants were recruited with approval by Iowa State University’s Institutional Review 
Board (IRB ID #12-634). 
4.1.2 Entrance Survey 
Participants were given an entrance survey used to obtain information about their 
background including gender, age, native language, education level, and smartphone 
ownership. Russell Branaghan, cognitive psychologist in the Cognitive Science and 
Engineering Program at Arizona State University, indicated in his study, Ten Tips For 
Selecting Usability Test Participants, the importance of indicting the smartphone 
participants to include the type (Branaghan, 1997). This was recommended, as some 
participants might own the version of the manufacturer’s phone being used for testing. 
Accordingly, the smartphone participants were broken up into two types of 
characteristics: iPhone owners and non-iPhone owners (1997). The data collected from 
the entrance survey will be evaluated to see if there are any relationships between gender, 
age, smartphone experiences and the effectiveness of the interfaces.  
4.1.3 Usability Lab 
A usability lab was built in office 066 in the College of Design at Iowa State 
University in Ames, IA to observe the participant’s interaction with a smartphone device. 
This was done for the researcher to have control of, and regulate the testing environment. 
Based on the two methods for recording mobile device usability, Michael Catani, 
Director of User Interface Architecture at Fidelity Investments, provided two options: 1. 
Test the participant’s interaction with a desktop generator, or 2. Use videotaping of the 
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participant’s interface with a smartphone device (Catani, 2003). Catani provided several 
benefits and drawbacks of each recording method as shown in Table 4.1. 
Table 4.1 Adaption of Observational Methods, Observation methodologies for usability 
tests of handheld devices, Michael Catani, 2003 
Generator  - Use of software to capture the screen or capture the participant’s 
face while testing.  
- Use of software for eye tracking. 
- Display not in context. 
- Immobile Display.  
Video Recording  - Use of video recording to capture participant interaction.  
- In context. 
- Do not have a video out feature. 
 
The goal of this study was to keep the interaction with the smartphone as realistic 
as possible, video recordings were taken of each participant. Since mobile devices do not 
yet have usability-recording software, it was decided to use two Nikon D5100 SLR 
cameras on tri-pods to record the participant’s study (see Figure 4.1 and Figure 4.2). 
 
 
Figure 4.1 Test environment (camera view) 
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Figure 4.2 Testing environment (top view) 
 
 
4.1.4 Technology 
During the study, participants conducted the tasks on an Apple iPhone5 (64-
gigabyte) running iOS version 6.1.3. As previously stated, each interface was created 
using HTML5 and CSS3 and was conducted on the Google Chrome app. Since the study 
required using the Internet, the iPhone5 device ran on Iowa State University’s Internet 
network.  
Two Nikon D5100 SLR cameras with 4-gigabyte memory cards, sitting on tripods 
4 feet off the ground, recorded the study. Data was collected through a Microsoft Excel 
spreadsheet. Statistics were run with assistance from Nora Ladjahasan, statistician for the 
Institute for Design Research and Outreach (IDRO) in the College of Design at Iowa 
State University in Ames, IA. through IBM’s SPSS software.  
4.1.5 Think Aloud Protocol 
Usability researchers Anders Ericsson and Herbert Simon found when conducting 
a usability study, having the participants think aloud (also referred to as “talk aloud”) is 
an effective psychological method for understanding short-term memory (Ericsson & 
Simon, 1993). During the study, participants were asked to talk aloud their thought 
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process when completing each task scenario. Before the participants were given the task 
list scenarios, they were instructed how to conduct talk while completing their tasks: “I 
am walking to the chair, I am sitting in the chair, I have sat in the chair.” Interactive 
design researcher, Jon Kolko emphasizes the importance of using the think aloud 
protocol as an evaluation technique to understand problem areas (Kolko, 2011). Kolko 
also states that by using the think aloud protocol, researchers can understand why the 
participants have committed the errors they did by “creating credible stories about these 
errors and understanding the rational behind actions” (2011). Accordingly, a set of 
performance measures were also used to examine and evaluate the participant’s when 
using each interface: click-path analysis, errors-per-task, and time-per-task.  
4.1.6 Task Scenario  
When selecting tasks for the study, it was important they would also be tasks 
frequently performed by members at Iowa State University. In his book Handbook of 
Usability Testing, Jeffery Rubin emphasizes task scenarios should add context and 
motivation when participants are performing tasks to create a more realistic and reliable 
study (1994).  
In a similar study, Joseph Dumas and Janice Redish say “the whole point of 
usability testing is to predict what will happen when people use the product on their own” 
(1999). Predicting what the participant would do when completing each task helped to 
also identify the ideal path for participants when completing each task.  
During the usability testing, the task list used the same questions and ideal path, 
but was in a different order from one another. The site map helped to develop the path for 
each task. Below is a list of the tasks, task number (table-based, list-based), and ideal 
path: 
1. (Table-1, List-4) Football Game: Your friend is planning a trip to Iowa 
State University to watch the Iowa State vs. Oklahoma State men’s 
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football game. Find the date when Iowa State plays against Oklahoma 
State in men’s football.  
a. Athletics > Men’s Football > Schedule  
2. (Table-2, List-2) Park’s Library: It’s Saturday morning and you’re trying 
to study, but your roommate is being too noisy. You decide to go to the 
Park’s Library to study, but don’t know the library’s hours. Find the hours 
for Park’s Library for Saturday.  
a. Facilities > Libraries > Park’s Library > Hours 
3. (Table-3, List-5) Industrial Design: You’re a recent undergrad graduate 
looking to pursue a Master’s degree in industrial design at Iowa State 
University. To gain more information of the program you would like to 
talk with someone on the telephone from the department but need to find 
the department’s telephone number. Find the industrial design program’s 
telephone number.  
a. Colleges > College of Design > Industrial Design 
4. (Table-4, List-1) Fraternity Fee: As a freshman on campus you start 
looking at different organizations to join. You hear from a friend that Iowa 
State University has a strong Greek culture. You become interested in 
joining the fraternity Sigma Chi but need to first check the semester 
membership fees. Find the semester memberships fees for the fraternity 
Sigma Chi.  
a. Student Organizations > Sororities/Fraternities > Sigma Chi  
5. (Table-5, List-3) Hilton ColiseumYou went to a basketball game at the 
Hilton Coliseum this past weekend. When you got home you realized that 
you left your jacket back at the Hilton Coliseum. Instead of walking back, 
you decide to call to see if someone dropped it off.  
a. Facilities > Athletic Facilities > Hilton Coliseum 
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4.1.7 Exit Survey 
Participants were given an exit survey to evaluate both interfaces and indicate 
which interface they preferred once they completed the study (see Figure 6.8 in Appendix 
“A”). The survey was used to obtain information about the user’s comfort, ease, and 
effectiveness of each interface. The data collected from the exit survey will provide 
qualitative feedback of which interface the participant preferred and why. Results from 
the exit survey represent the participants’ preference of one interface to the other. 
4.1.8 Informed Consent & Confidentiality  
Video recordings of the participants’ hand interaction with the phone, and voice 
was indicated in the IRB form (see Figure 6.1 in Appendix “A”). Participants were made 
aware their hands and voice would be recorded throughout the study, indicated on the 
informed consent document. The informed consent document also indicated the 
participant would not receive any benefits for participating in the study, would receive no 
penalty if they wanted to stop at any time throughout the test, and that their identities 
would be protected, as participants were identified with a Participant I.D. number.  
4.2 USABILITY EVALUATION MEASURES 
A set of standardized measures was developed to evaluate the effectiveness or 
ineffectiveness of the list and table-based interfaces. The evaluation measures helped to 
analyze whether the list or table-based layout is more effective as a mobile website 
interface. The order of testing prototypes was altered by every participant (prototype 1 
then 2, and prototype 2 then 1) to keep the tests equal.   
4.2.1 Click-Path Analysis 
As previously stated, each task was assigned an ideal path, that based on the site 
map was the shortest path when completing a task. The path participants took was labeled 
as their “actual path.” The number of clicks the participant took away from the ideal path 
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was labeled as “extra clicks” (actual path - ideal path = sum of extra clicks). The sum of 
extra clicks was assigned severity error ratings. If a participant took one to three extra 
clicks, the task was labeled a minor error. A minor error was often the result of slight 
confusion, or going down a different path that took them to the goal. Participants who 
had more then three extra clicks were labeled as a severe error. With all participants 
committing a severe error referred to the participant having major confusion when 
completing each task.   
Recordings were taken of each participant’s study to give a more accurate 
observation of the participant’s click-path for completing each task.  
4.2.2 Errors-Per-Task 
A list of errors (see Table 4.2) was assigned to evaluate what errors was being 
made by the participant while completing each task, as well as measure the severity of the 
error. Errors were categorized into two broad groups: system errors and participant errors. 
System errors occurred when something went wrong with either the interface, or with the 
iPhone device. Participant errors occurred when the participant was prompted, exited the 
interface, or does not go down the ideal click path (see Table 4.2). The errors’ severity 
identification and definitely can be found in Table 4.3. 
For this study, the severity was determined by how much assistance was provided 
by the researcher, or issues with the user interface. Severity was indicated by a 
numerically (0 = None, 1 = Minor, 2 = Severe).  
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Table 4.2 Errors and their Definitions 
Marker ID (severity) Definition  
E (minor) User Experience: The user verbally expresses 
their frustration with the interface. For example, 
“I don’t like this.”  
H (severe) User Needs Help: The user needs clarification. 
For example, “What does this word mean?” 
O (none) Observation: Not an error, but 
notes/summarization of the participant’s 
thought process.  
P (severe) Participant Prompted: The participant needs to 
be prompted of where to go during the test.  
T (minor/severe) Technical Error: An error due to the inherent 
limitations of the testing environment, or due to 
the limitations of the prototype. For example, if 
the user clicks on a link and is taken to a page 
that reads “page is under construction.” 
U (minor) Usability Error: The user departs from the 
anticipated path. For example, the user finds the 
goal of the task but not through the ideal path. 
 
Table 4.3 Severity of errors and their definitions 
Severity ID Definition  
0 (None) A severity marker of “0” indicated an 
observation, where no error occurred be is 
tallied as a mark.  
1 (Minor) A severity of “1” indicated the participant made 
1-3 extra clicks-per-task, had little confusion, or 
found the goal of the task along a different path 
then the ideal path. 
2 (Severe) A severity of “2” indicated the participant made 
4+ extra clicks-per-task, became frustrated with 
the interface/testing, or required assistance of 
the researcher.  
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4.2.3 Time-Per-Task 
One of the easiest black-and-white evaluation measures when conducting a 
usability test is recording the amount of time taken for participants to complete each task. 
Time started once the participant was finished reading the task and began interacting with 
the interface. Time continued until the participant finished reading the task’s goal aloud 
and completing the task they were asked to do.  
Participants conducted the study using the Google Chrome application on an 
iPhone5. The iPhone5 was connected to the Iowa State University private network. Due 
to rare/unpredictable cases when the page took longer then normal to load, time was 
paused. Time was tracked based off the video recordings as they provided a more 
accurate measure of time.  
4.3 DATA ANALYSIS 
The data was collected through the use of Microsoft Excel spreadsheets and video 
recordings from each of the participant’s studies. Statistics were run with assistance from 
Nora Ladjahasan, statistician for the Institute for Design Research and Outreach (IDRO) 
in the College of Design at Iowa State University in Ames, IA., using IBM’s SPSS 
software for comparing one interface to the other. The correlation coefficient was used to 
quantify the degree of association between two variables. The testing results will be 
statistically collected and compared. The data will be used for the analysis in Chapter 5, 
Results and Findings. To find the effectiveness and ineffectiveness of one interface to the 
other, the mean difference was used.  
4.3.1 Statistic Variables 
The mean difference between the interfaces was used to evaluate the effectiveness 
and ineffectiveness of one interface to the other. The formula for the mean difference 
used was (Mi1-Mi2). A negative mean difference meant the table interface performed more 
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effectively, and a positive mean difference meant the list interface performed more 
effectively.   
The p-value of the mean difference was also revealed through the statistics, and is 
the probability of a chance relationship. Many behavioral scientists have accepted the 
0.05 level of significance (95%) as a “critical demarcation point” for “deciding whether 
or not to reject the null hypothesis” (Rosnow, 1996). If the p-value was larger than 0.05, 
the correlation was 5/100 times likely to be caused by chance. If the p-value was less than 
0.05, the correlation was significant, because it meant the observed relationship between 
X and Y was likely to be caused by chance less 5/100 times. 
The confidence interval (CI) was used to indicate the difference in high and low 
intervals of the participants’ variables. The confidence interval allowing to rule out the 
null hypothesis.  
The correlation between the task variables for both interfaces was tested but 
results were inconclusive. This could be the result of a few extreme outliers. Due to the 
small participant sample size, outliers weren’t excluded. 
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CHAPTER 5. RESULTS AND FINDINGS 
5.1 INTRODUCTION 
The two interfaces selected for testing, based on the literature and mobile website 
study, were list and table-based layouts. The purpose of conducting the usability tests was 
to find the most effective mobile website interface. The analysis of the effectiveness and 
ineffectiveness of the interfaces based upon the three criteria discussed in Chapter 4: 
time-per-task, click-path-analysis, and errors-per-task.  
An entrance survey was given to each participant to obtain information about the 
participant’s background (5.2.1), followed by usability tests of each interface (5.2.2) and 
a follow-up questionnaire (5.2.3). 
5.2 ENTRANCE SURVEY ANALYSIS  
The participants were introduced to the usability tests the week of March 11-15, 
2013, within office 066 of the College of Design. A total of 20 participants were selected 
to participate in the usability test through flyers and word-of-mouth, as volunteers. The 
participants indicated prior to the study they were associated with Iowa State University 
and were novel or experienced users of smartphone devices. The purpose of the tests, to 
evaluate the usability and effectiveness of two opposing smartphone interfaces, was 
explained to the participants before they agreed to volunteer.  
During the selection process, an equal ratio of gender was considered to evaluate 
the relationship between gender and preference to an interface layout. The literature also 
indicated that in terms of gender, there are an equal percentage of smartphone and 
Internet users (Pew Internet, 2012, comScore, 2013).  
As mentioned above, the participants were required to answer an entrance survey 
first. The questions helped to define their background, smartphone and Internet 
experience, and the frequency of the usage (e.g., daily, 2-3 times a week, weekly, 2-3 
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times a month, or none). Participants associated with Iowa State University conducted the 
user tests. Based on the literature from Pew Research’s Demographics of Internet Users 
(see Table 2.3), because of association with the University, it was assumed participants 
had prior experience with the Internet.   
5.2.1 Demographic Background Analysis 
As previously stated, gender and the association with Iowa State University were 
the only two controls when selecting participants for the usability tests. Of the 20 
participants, the classification of participants’ backgrounds is presented in Table 5.1.  
Table 5.1 Demographic analysis of participant’s background (n=20) 
All participants (n=20) Percentage  
Men (n=10) 
Women (n=10) 
50% 
50% 
 
Age   
18-23 (n=12) 
24-29 (n=4) 
30-35 (n=0) 
36-41 (n=1) 
42-47 (n=0) 
48-53 (n=1) 
54-59 (n=2) 
60% 
20% 
- 
5% 
- 
5% 
10% 
 
Language   
English (n=20) 
Other (n=0) 
100% 
- 
 
Education   
In College (n=13) 
College Graduate (n=7) 
65% 
35% 
 
Smartphone Owner   
Yes (n=17) 
No (n=3) 
85% 
15% 
 
Smartphone Brand  Percentage Amongst Smartphones 
iPhone (n=13) 
Android (n=3) 
Windows Phone (n=0) 
 BlackBerry (n=0) 
 None (n=4) 
65% 
15% 
- 
- 
20% 
81.25% 
18.75% 
- 
- 
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Participants between 18-23 years old represent the largest age group demographic 
at 60% (n=12). According to the literature, the 18-23 age group participating in the user 
tests were considered the “digital natives” as they have grown up with the Internet their 
entire (Fox, 2006). The participants’ age also had a direct correlation with their education 
level. The participants in college represented the largest education demographic at 65% 
(n=13).  
 
Figure 5.1 Age Demographic of Participants (n=20) 
 
According to the Pew Internet & American Life Project Summer Tracking Survey 
(see Table 2.2), people with some college or college plus educations are the greatest 
number of smartphone owners. Analysis of the entrance survey proved this to be 
accurate; smartphone owners (n=16) greatly outnumber non-smartphone owners (n=4). 
From the literature, Russell Branaghan (1997) indicated the importance of including the 
smartphone brand while surveying participants. Since some participants might own the 
same smartphone device used for the usability tests, it was recommended to make a note 
of this. Further analysis of the smartphone brands showed that iPhones make up 81.25% 
(n=13) and Android phones make up 18.75% (n=3) of the 16 smartphone participants 
(see Figure 5.2). 
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Figure 5.2 Smartphone Brand Demographic of Smartphone Ownership (n=20) 
 
5.2.2 Device Comfort Level Analysis  
The second portion of the entrance survey included a Likert scale. The Likert 
scale consisted of four questions, followed by a five-level agreement scale to gauge the 
level of comfort participants have with various devices. The ratings of their comfort level 
ranged from very (5) to not at all (1).  
The data collected from this portion of the survey showed that 100% of the 
participants have had experiences with computers, smartphones, tablet devices, and touch 
devices. When asked their comfort level with computers, 90% (n=18) said they were very 
comfortable, 5% (n=1) said they were a quite comfortable, and 5% (n=1) said they were 
sort of comfortable. When asked their comfort level with smartphones, 80% (n=16) said 
they were very comfortable. Participants’ comfort level with smartphones compared to 
the Internet was slightly less. Based on the literature this was expected, as only about 
one-third (37%) of media consumption is done on smartphone devices compared to 
desktop (comScore, 2013). Twenty percent (n=4) of participants said they were quite 
comfortable with smartphones. 
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Although this study wasn’t researching tablet or other touch devices, it was still 
relevant because they have similar features of smartphone devices. When asked their 
comfort level with tablet devices, 80% (n=16) said they were very comfortable, 15%  
(n=3) said they were quite comfortable, and 5% (n=1) said they were sort of comfortable. 
When asked their comfort level with touch devices, 80% (n=16) said they were very 
comfortable, and 20% (n=4) said they were quite comfortable.  
Although assumed, participants selected for this study were not required to have 
background experience with computer, smartphones, tablets, and touch devices; however, 
analysis of the data showed all participants having at least a novel comfort level with the 
devices. The breakdown of participants’ comfort with various technologies is presented 
in Table 5.2 and Figure 5.3. 
5.2.3 Internet Usage  
A Likert scale was also used on the last portion of the entrance survey to gauge 
the frequency of using the Internet. The ratings for the frequency of Internet usage ranged 
from “none” to “daily.” If participants were not smartphone owners, the last question, 
“How often do you browse the Internet on your smartphone”, did not apply (See Figure 
6.5 in Appendix “A”).  
The data collected from the frequency of using the Internet showed all 20 
participants use the Internet on a daily basis. Of smartphone owners, 16 participants use 
the Internet on their smartphone on a daily basis (Table 5.3). Although owning a 
smartphone was not a requirement for this study, responses from all participants (n=20) 
responded with being either very comfortable (n=16) or quite comfortable (n=4) with 
smartphones prior to the study (Table 5.2). Similar responses were recorded with comfort 
to computers, tablet devices and touch-devices (Table 5.2). This agrees with the literature 
from Pew Research Center of people with an education level of college or more have the 
highest percentage (n=66%) of smartphone owners (Table 2.2). 
Table 5.2 Participant’s Comfort with Technologies (n=20) 
Item Mean  
Not at all-1 
 
Poor- 2 
Attitude 
Sort of- 3 
 
Quite- 4 
 
Very-5 
How comfortable are you with 
computers? (n=20) 
4.85 
 
0 0 1 1 18 
How comfortable are you with 
smartphones? (n=20) 
4.75 0 0 0 4   16 
How comfortable are you with 
tablet devices? (n=20) 
4.70 0 1 0 3 16 
How comfortable are you with 
touch-devices? (n=20) 
4.75 0 0 0 4 16 
 
 
 
Figure 5.3 Participant’s Comfort with Technologies (n=20) 
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Table 5.3 Participant’s Frequency of using the Internet (n=20) 
Item  
None 
 
2/3 Times  
a month 
Attitude 
2/3 Times  
a week 
 
Weekly 
 
Daily 
How often do you 
use the Web/Internet 
(n=20) 
0 0 0 0 20 
How comfortable are 
you with 
smartphones? (n=16) 
0 0 0 0 16 
 
5.3 EXIT QUESTIONNAIRE ANALYSIS  
The participants were given two exit questionnaires upon completion of the 
usability tests (see Table 5.4. and Table 5.5). The questionnaires were used for the 
participants to evaluate their experience with both interfaces. The evaluation of the two 
interfaces was set up as a Likert scale format with 12 questions accessing the 
participants’ comfort, effectiveness, ease of use, and satisfaction when each interface. A 
five-level agreement scale followed each question from “not at all” to “very.” The data 
from the exit questionnaires were collected and compared to the data collected from the 
usability tests.  
The data from the exit questionnaires indicated that more participants (n=14) preferred 
the table interface to the list interface (n=6). The preference of the exit questionnaires 
came from the average of the collected responses to the 12 questions. 
  
 
 
Table 5.4 Exit Survey Results for Table Interface (n=20) 
Item Mean  
Not at all-1 
 
 2 
Attitude 
Moderate- 3 
 
4 
 
Very-5 
Overall, I am satisfied with how easy it was to use 
this interface. (n=20) 
4.75 
 
0 0 0 5 15 
It was simple to use this interface. (n=20) 4.70 0 0 0 6 14 
I can effectively complete the tasks using this 
interface. (n=20) 
4.85 0 0 0 3 16 
I am able to complete the tasks quickly when using 
this interface. (n=20) 
4.75 0 0 0 5 15 
I feel comfortable using this interface. (n=20) 4.85 0 0 0 3 17 
The learning curve was easy when using this 
interface. (n=20) 
4.75 0 0 0 5 15 
I believe I became more productive using this 
interface. (n=20) 
4.80 0 0 0 4 16 
The layout of this interface was easy to understand. 
(n=20) 
4.90 0 0 0 2 18 
The layout of this interface is effective in helping 
me complete the tasks and scenarios. (n=20) 
4.80 0 0 0 4 16 
This interface is pleasant. (n=20) 4.80 0 0 0 4 16 
I enjoy using this interface. (n=20) 4.75 0 0 0 5 15 
Overall, I am satisfied with this interface. (n=20) 4.75 0 0 0 5 15 
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Table 5.5 Exit Survey Results for List Interface (n=20) 
Item Mean  
Not at all-1 
 
 2 
Attitude 
Moderate- 3 
 
4 
 
Very-5 
Overall, I am satisfied with how easy it was to use 
this interface. (n=20) 
4.35 
 
0 0 5 3 12 
It was simple to use this interface. (n=20) 4.55 0 0 2 5 13 
I can effectively complete the tasks using this 
interface. (n=20) 
4.55 0 0 2 5 13 
I am able to complete the tasks quickly when using 
this interface. (n=20) 
4.30 0 1 2 7 10 
I feel comfortable using this interface. (n=20) 4.40 0 1 1 7 11 
The learning curve was easy when using this 
interface. (n=20) 
4.45 0 2 1 3 14 
I believe I became more productive using this 
interface. (n=20) 
4.30 0 1 3 5 12 
The layout of this interface was easy to understand. 
(n=20) 
4.50 0 1 2 3 14 
The layout of this interface is effective in helping 
me complete the tasks and scenarios. (n=20) 
4.60 0 0 2 4 14 
This interface is pleasant. (n=20) 4.20 0 0 4 6 10 
I enjoy using this interface. (n=20) 4.20 0 1 3 5 11 
Overall, I am satisfied with this interface. (n=20) 4.30 0 1 3 7 9 
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5.4. USABILITY TEST ANALYSIS 
As previously mentioned, the analysis of the effectiveness and ineffectiveness of both 
interfaces was based upon statistical inference of the three criteria discussed in Chapter 4 
including time-per-task, click-path-analysis, and errors-per-task. Each criterion will be measured 
on the mean difference, confidence interval, p-value, and correlation. The analysis of participants 
was conducted from their recorded user tests. As previously mentioned in Chapter 3, there is 
currently no usability-recording software. Therefore it was decided to observe the user tests 
through video recordings done using two Nikon D5100 SLR cameras. Video recordings allowed 
the researcher to accurately observe the participant’s time-per-task, click path, and annotate any 
errors that arose.  
The usability test results aimed to answer the research question previously mentioned in 
the Chapter 1: 
Q2: Does the interface layout of a smartphone device affect the user’s ability to 
effectively carry out a task? 
5.4.1 Time-Per-Task Analysis 
Analysis of the time-per-task data for all participants show the table interface on average 
was faster than the list interface (see Table 5.6). Tasks 1, 2, 3, and 5 showed a significant 
difference p<0.05, allowing these tasks to rule out the null hypothesis, meaning there is a 
significant difference between time-per-task and the prototypes. On average the mean difference 
for tasks with a significant difference were 10.45 (task 3) to 12.69 (task 2) seconds faster then 
using the list interface. Although there was no significant difference for task 4, the mean 
difference for the table interface was 7.03 seconds faster then the list interface (see Table 5.6). 
The biggest mean differences between the table interface and list interface were in task 2 (Mi1-
Mi2 = -12.69s, 95% CI [-21.89s,-3.48s]) and task 5 (Mi1-Mi2 = -12.59s, 95% CI [-21.06s,-4.12s]). 
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Table 5.6 Time-Per-Task of All Participants (n=20) 
Task (Mi1-M12)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -11.45 .035 -22.07 -8.35 
2: Library Hours -12.69 .008 -21.89 -3.48 
3: Industrial Design -10.45 .048 -20.78 -1.10 
4: Fraternity Fee -7.03 .115 -15.85 -17.91 
5: Hilton Coliseum -12.59 .005 -21.06 -4.12 
 
Figure 5.4 Time-Per-Task of All Participants (n=20) 
 
When assessing the time-per-task of all participants when using both prototypes, the table 
interface is faster when completing all the given tasks (Table 5.6). The table interface was  
between 7.03 to 12.69 seconds faster on average then the list interface.  
5.4.2 Time-Per-Task By Gender 
When comparing the time-per-task of males (Mm) to females (Mf) for the table interface, 
analysis of the data shows males are faster when using the table interface on average than 
females (see Table 5.7). Task 1 showed a significant difference p<0.05, allowing this task to rule 
out the null hypothesis. When looking at the mean difference between males and females, males 
were faster with more tasks when using the table interface then females (see Table 5.7). 
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Table 5.7 Time-Per-Task by Gender for Table Interface (n=20) 
Task (Mm-Mf)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -13.73 .01 -23.82 -3.37 
2: Library Hours 3.41 .46 -6.15 12.98 
3: Industrial Design -4.42 .56 -20.09 11.23 
4: Fraternity Fee -.20 .97 -12.50 12.09 
5: Hilton Coliseum .157 .96 -7.78 8.10 
 
When comparing the time-per-task of males to females for the list interface, analysis of 
the data shows females are faster when using the list interface on average than males (see Table 
5.7). No significant difference was determined between males and females, so the null 
hypothesis can’t be ruled out. When looking at the mean difference between male and females, 
females were faster with more tasks using the list interface then males (see Figure 5.5 and Figure 
5.6). Although there is slight difference between performance when using the table and list 
interfaces, there isn’t enough to say one gender preferred or performed better with one interface 
to the other. 
Table 5.8 Time-Per-Task by Gender for List Interface (n=20) 
Task (Mm-Mf)  p-Value Confidence Interval 
Lower Upper 
1: Football Game 5.7 .53 -13.17 24.59 
2: Library Hours 3.35 .68 -13.62 20.32 
3: Industrial Design -3.89 .59 -19.13 11.34 
4: Fraternity Fee 4.89 .47 -9.13 18.91 
5: Hilton Coliseum 4.82 .53 -11.27 20.92 
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Figure 5.5 Time-Per-Task by Gender for Table Interface (n=20) 
 
 
 
Figure 5.6 Time-Per-Task by Gender for List Interface (n=20) 
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5.4.3 Time-Per-Task By Done First 
When comparing the time-per-task of the interface participants used first, whether it was 
the table or list interface, all participants were faster when using the table interface (see Table 
5.8). Since all participants were faster using the table interface (where half started with the list 
interface) we can say with confidence there a faster learning curve when going from the list 
interface to the table interface for tasks 1, 2, 4, and 5. Tasks 1, 2, 4, and 5 showed a significant 
difference p<0.05, allowing this task to rule out the null hypothesis. The biggest mean 
differences between the table interface and list interface were in task 1 (Mi1-Mi2 = -23.01s, 95% 
CI [-38.33s,-7.68s]) and task 2 (Mi1-Mi2 = -21.16s, 95% CI [-34.61s,-7.70s]). 
Table 5.9 Time-Per-Task By Done First (n=20) 
Task (Mi1-Mi2)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -23.01 .005 -38.33 -7.68 
2: Library Hours -21.16 .004 -34.61 -7.70 
3: Industrial Design -5.81 .42 -20.90 9.27 
4: Fraternity Fee -13.05 .04 -25.74 -3.75 
5: Hilton Coliseum -16.93 .02 -30.88 -2.98 
 
5.4.4 Time-Per-Task By Preference 
The participants were given an exit questionnaire once completing the user tests. 
Analysis of the data from the exit questionnaire showed 14 participants preferred the table 
interface, and 6 preferred the list interface.  
When comparing the time-per-task of the table interface to the list interface, analysis of 
the data show all 14 participants who preferred the table interface were faster on the table 
interface. (see Table 5.9). Tasks 2 and 5 showed a significant difference p<0.05, allowing these 
tasks to rule out the null hypothesis. Although there was no significant difference for tasks 1, 3, 
and 4, the mean for the table interface was less then the mean of the list interface.  
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Table 5.10 Time-Per-Task By Participants Preferring Table Interface (n=14) 
Task (Mi1-Mi2)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -11.48   .08 -24.83 1.86 
2: Library Hours -12.84 .03 -24.92 -.75 
3: Industrial Design -9.51 .18 -23.70 4.67 
4: Fraternity Fee -5.52 .35 -17.53 6.48 
5: Hilton Coliseum -14.34 .01 -25.57 -3.12 
 
 
When comparing the time-per-task of the table interface to the list interface, analysis of 
the data show all 6 participants who preferred the list interface were faster on the table interface. 
(see Table 5.10). Tasks 3 and 4 showed a significant difference p<0.05, allowing these tasks to 
rule out the null hypothesis. Although there was no significant difference for tasks 1, 2, and 5, 
the mean for the table interface was less then the mean of the list interface. 
 
Table 5.11 Time-Per-Task By Participants Preferring List Interface (n=6) 
Task (Mi1-Mi2)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -11.38 .24 -31.81 9.04 
2: Library Hours -12.33   .09 -27.34 2.67 
3: Industrial Design -12.63 .03 -24.26 -.09 
4: Fraternity Fee -10.54 .05 -21.30 .21 
5: Hilton Coliseum -8.49   .06 -17.71 .73 
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5.4.5 Extra Clicks-Per-Task Analysis 
Analysis of the extra clicks-per-task data for all participants show the table interface has 
fewer clicks than the list interface (see Table 5.12). None of the tasks show a significant 
difference. Although there was no significant difference, the mean for the table interface was less 
then the mean of the list interface (see Figure 5.7). Based on the data from the correlation graph, 
there is a significant relationship between the time-per-task, extra clicks-per-task, and errors-per-
task (see Figure 6.20 in Appendix “B”). This means that if the time-per-task is higher, it can be 
said the task also had more clicks and errors. 
Table 5.12 Extra Clicks-Per-Path (n=20) 
Task (Mi1-Mi2)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -.45 .37 -1.47 .57 
2: Library Hours -.40 .32 -1.21 .41 
3: Industrial Design -.45 .15 -1.07 .17 
4: Fraternity Fee -.30 .32 -.90 .30 
5: Hilton Coliseum -.20 .56 -.89 .49 
 
   
 
Figure 5.7 Extra Clicks (n=20) 
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5.4.6 Errors-Per-Task Analysis 
Analysis of the errors-per-task data for all participants show the table interface has fewer 
clicks than the list interface for all tasks except Task 4 that is null (see Table 5.13). None of the 
tasks show a significant difference. Although there was no significant difference, the mean for 
the table interface was less then the mean of the list interface for all except Task 4 (see Figure 
5.7). Based on the data from the correlation graph, there is a significant relationship between the 
time-per-task, extra clicks-per-task, and errors-per-task (see Figure 6.20 in Appendix “B”). This 
means that if the time-per-task is higher, it can be said the task also had more clicks and errors. 
Table 5.13 Errors-Per-Task (n=20) 
Task (Mi1-Mi2)  p-Value Confidence Interval 
Lower Upper 
1: Football Game -.05 .71 -.32 .22 
2: Library Hours -.05 .56 -.22 .12 
3: Industrial Design -.15 .29 -.43 .13 
4: Fraternity Fee 0 0 0 0 
5: Hilton Coliseum -.20 .17 -.49 .09 
 
 
Figure 5.8 Errors-Per-Task (n=20) 
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5.4.7 Summary 
Analysis of from the extra clicks-per-task and time-per-task for all participants show 
participants used less clicks and were faster when using the table-based interface (prototype 1). 
For several tasks there was a significant difference p<0.05 when using the icon-based interface, 
meaning the results this tests population can be applied to a larger population. Preference of the 
table-based interface to the list-based interface was also seen whether the table-based or list-
based interface was done first, and when the participant preferred one interface to the other from 
their exit survey. Results that didn’t show significant difference still favored the table-based 
interface to the list-based interface. 
Although this study wasn’t specifically looking at a gender’s preference towards one 
interface to the other, it was interesting to find there was no preference of one interface. Future 
studies of interface preference could be repeated using 20 participants of one gender, and another 
study using 20 participants of the other gender.  
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CHAPTER 6. CONCLUSION 
With the advancement of smartphone technology, many daily tasks can be accomplished 
easier and faster with smartphone devices, which require more and more people from numerous 
backgrounds to use a variety of interface layouts. The usability of smartphone interfaces is 
therefore challenged not only by experienced smartphone users but also by inexperienced users. 
In order to make smartphone interfaces more intuitive and user-friendly to the public, usability 
testing plays an increasingly powerful role in the advancement of future smartphone interface 
development. 
In order to create mobile interfaces that communicate effectively with the majority of 
users; layout, application, and proliferation must be combined and applied when designing for a 
small screen. For developers, attention should be paid to both the capabilities and limitations 
should be considered with the user interface. User tests and evaluation of interface design must 
be included as crucial aspects of the usability process. The combination of layout, proliferation, 
and consideration to limitations will provide designers and developers successful solutions for 
usable smartphone interfaces. 
This thesis is an inquiry into the basic criteria for effective user interface design. It is a 
study, which evaluates table and list interfaces based upon the theories of human computer 
interaction in combination of visual communication. It is also a demonstration of implementing 
user testing into the design process to improve the usability of smartphone devices.  
The research questions for this study drew from the reviewed literature and analyzed data 
to state that suggests, “User interface layouts with high recognizability, low ease-of-use learning 
curve, and simplicity are effective aids to the performance when using a smartphone device.” 
This was examined and evaluated through three major areas. First, identifying usability 
methodology and current practices of smartphone interface design was established through the 
literature review. Second, user testing was conducted to observe the interaction with two 
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opposing smartphone interfaces. Third, analyzing the testing results was significant for 
distinguishing the effectiveness and ineffectiveness of the two interfaces.   
During the first stage, review of literature identified three approaches for future testing. 
The first approach identified web applications becoming an increasingly used direction for future 
smartphone interface design. The second approach made recommendations of list and table-
based interface layouts when designing for a small screen size. It was recommended to use a list-
based layout for handling large amounts of content, and a table-based layout for handling a home 
screen. The third approach drew from basic human computer usability methodology for 
conducting tests with software interface design.   
For the second state, list and table-based layouts represented the two interfaces that were 
selected as samples for user testing. The purpose of the research was to evaluate the effectiveness 
and ineffectiveness of both interfaces based on speed and efficiency. Thus, the data reflects the 
more efficient usable interface. If the participants had been allowed to spend more time using the 
device and each interface, the results might have been different. However, the data indicated that 
16 participants were prior smartphone owners. Therefore, the data regarding the effectiveness 
and ineffectiveness of the two interfaces may reflect a true level of performance. On the other 
hand, 4 participants were not smartphone owners, which means that they might not have been as 
comfortable with the smartphones interface. Prior to the user tests, all 20 participants indicated 
they were at least inexperienced users of smartphone devices. All participants also indicated they 
were very experience users of the Internet. However, it should be emphasized that experience 
should not be an assumption for usability.  
For the third stage, when after evaluating participants and how they responded to a 
prototype of two opposing smartphone interfaces, it was clear that table interfaces are more 
appealing, efficient, and comfortable for the average user. The results reveal that when using the 
table interface, tasks are carried out more quickly and efficiently. It also demonstrates that user 
testing is an important process when a field is relatively young. Through analysis of user testing 
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results, designers can develop effective interfaces, which can improve their experience when 
working with smartphone devices. 
 In conclusion, since existing research about smartphone interface layouts is very limited, 
this study aimed to contribute and define a helpful guide for developing smartphone interfaces. 
Further research in symbol text relationship, inexperienced users, and studies of cultural and 
social factors are needed to improve the usability of smartphone devices. Neither the developer 
nor designer has the only say when creating a smartphone interface. User testing is necessary to 
make the experience with smartphone devices more effective. 
6.1. SUGGESTIONS FOR FUTURE RESEARCH 
This thesis was designed as a foundation to motivate and direct further research in the 
area of smartphone interface design. Even though the results from the study are promising, a 
larger sample size of inexperienced users will be needed to increase validity. The interface 
preference based on gender has significant implications, however this study was at the mercy of 
the participant’s availability. To get a more valid argument for each gender’s interface 
preference, it’s recommended to conduct two similar usability studies; one with 20 males, and 
another with 20 females.   
Another important variable of this study warrants further investigation with information 
processing of the relationship of symbol and text. The relationship of symbol and text was 
determined based on the reviewed literature. Comments and observations of the participants 
when interacting with each interface, propose participants might have viewed the tests as a 
symbol-dominant versus text-dominant study. Future research of this study promotes inter-
disciplinary psychology research with information processing of a layout’s graphic user interface 
(GUI).   
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APPENDIX A.  TEST MATERIALS 
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Figure 6.1 IRB Approval Letter 
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Figure 6.2 Recruitment Flyer 
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Figure 6.3 Word of Mouth 
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Figure 6.4 Follow Up E-mail 
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Figure 6.5 Entrance Survey 
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Figure 6.6 Informed Consent Document 
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Figure 6.7 Informed Consent Document (pg.2) 
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Figure 6.8 Informed Consent Document (pg.3) 
 83 
 
 
Figure 6.9 Exit Survey 
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Figure 6.10 Task List for Phase 1 
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Figure 6.11 Task List for Phase 2 
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APPENDIX B.  STATISTICAL RESULT
  
Table 6.1 Time-Per-Task (n=20) 
Part. ID 
(n=20) 
 
Task1 
 
Task2 
Table  
Task3 
 
Task4 
 
Task5 
 
Task1 
 
Task2 
 List 
Task3 
 
Task4 
 
Task5 
1 16.50 52.80 60.40 24.80 29.30 37.70 23.40 59.90 34.10 31.10 
2 36.61 17.36 31.11 26.67 16.33 71.29 26.81 72.94 69.04 36.34 
3 22.91 20.43 25.33 39.04 19.08 22.34 14.82 21.10 31.08 20.88 
4 18.24 10.91 13.61 20.20 13.33 29.02 23.64 41.88 39.60 30.32 
5 38.35 21.56 69.61 43.93 29.34 15.23 22.98 21.34 35.70 20.91 
6 12.32 19.11 11.87 24.55 42.81 62.55 45.76 18.40 38.63 83.09 
7 22.55 34.56 17.68 28.22 17.32 16.21 16.68 31.89 23.41 17.33 
8 20.08 18.84 11.41 48.77 19.71 59.03 69.34 48.41 19.99 48.61 
9 42.37 14.23 13.20 55.70 24.32 11.58 13.14 18.19 23.33 16.23 
10 11.10 21.33 24.08 44.64 12.70 54.33 62.14 40.44 78.46 56.13 
11 53.61 18.20 22.66 14.33 30.62 09.84 15.67 19.51 24.40 14.81 
12 18.73 19.33 10.09 31.12 18.57 43.58 56.71 26.11 26.56 45.19 
13 29.34 12.78 19.44 31.44 14.60 29.18 17.86 22.76 32.67 26.32 
14 11.41 09.38 09.31 14.80 21.72 27.14 25.61 17.57 28.66 15.39 
15 16.17 23.55 12.02 27.51 13.24 14.82 12.44 13.10 28.12 18.91 
16 06.88 11.81 11.99 17.43 10.95 70.71 41.22 14.15 41.40 22.81 
17 30.41 20.36 13.84 11.73 21.23 31.20 22.17 35.13 23.14 32.90 
18 36.77 07.01 10.08 13.85 13.64 21.66 46.12 37.19 32.65 40.25 
19 21.30 12.02 12.53 21.89 21.89 48.29 51.11 38.38 27.20 42.31 
20 08.13 12.81 11.51 15.67 10.23 27.18 24.53 22.37 38.74 32.94 
MEAN 23.69 18.92 20.59 27.81 20.04 35.14 31.61 31.03 34.84 32.63 
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Table 6.1 Extra Clicks-Per-Task (n=20) 
Part. ID 
(n=20) 
 
Task1 
 
Task2 
Table  
Task3 
 
Task4 
 
Task5 
 
Task1 
 
Task2 
 List 
Task3 
 
Task4 
 
Task5 
1 0 1 2 0 0 0 0 3 0 1 
2 0 0 0 0 0 6 0 4 0 1 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 
5 2 0 2 0 0 0 0 0 0 0 
6 0 0 0 0 4 0 0 0 0 5 
7 0 0 0 0 1 0 0 0 0 0 
8 0 0 0 0 0 4 8 0 0 1 
9 4 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 6 0 0 0 
11 2 0 0 0 1 0 0 0 0 1 
12 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 2 
14 0 0 0 0 2 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 6 1 0 0 0 
17 0 0 0 0 1 0 0 0 0 1 
18 1 0 0 0 1 0 0 2 0 0 
19 0 0 0 0 0 0 0 2 0 1 
20 0 0 0 0 0 2 0 2 0 1 
MEAN 0.45 0.05 0.20 0 0.50 0.90 0.75 0.65 0 0.70 
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Table 6.2 Errors-Per-Task (n=20) 
Part. ID 
(n=20) 
 
Task1 
 
Task2 
Table  
Task3 
 
Task4 
 
Task5 
 
Task1 
 
Task2 
 List 
Task3 
 
Task4 
 
Task5 
1 0 1 1 0 0 0 0 1 0 1 
2 0 0 0 0 0 1 0 2 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 1 
5 1 0 1 0 0 0 0 0 0 0 
6 0 0 0 0 1 1 0 0 0 1 
7 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 1 1 0 0 0 
9 1 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 
11 1 0 0 0 1 0 0 0 0 1 
12 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 1 
14 0 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 1 1 0 0 0 
17 0 0 0 0 1 0 0 0 0 1 
18 1 0 0 0 0 0 0 1 0 0 
19 0 0 0 0 0 0 0 1 0 1 
20 0 0 0 0 0 1 0 0 0 1 
MEAN 0.2 0.05 0.1 0 0.2 0.25 0.1 0.25 0 0.4 
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Figure 6.12 Task List for Phase 2 
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Figure 6.13 Time-Per-Task by Gender for Table Interface 
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Figure 6.14 Time-Per-Task by Gender for List Interface 
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Figure 6.15 Time-Per-Task by Done First (n=20)  
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Figure 6.16 Time-Per-Task By Participants Preferring Table Interface (n=14) 
94 
  
 
 
 
 
 
 
Figure 6.17 Time-Per-Task by Participants Prefering List Interface 
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Figure 6.18 Extra Clicks-Per-Task 
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Figure 6.19 Errors-Per-Task 
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Figure 6.20 Correlation Between Time-Per-Task, Extra Clicks-Per-Task, and Errors-Per-Task for Both Interfaces 
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